
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



Digitized by LjOOQ IC 



LUBRICATING OILS, FATS AND GREASES 



Digitized by VjOOQIC 



Digitized by VjOOQIC 



Digitized by VjOOQIC 




Digitized by VjOOQIC 



LUBRICATING OILS 
FATS AND GREASES 



THEIR ORIGIN, PREPARATION, PROPERTIES, USES 
AND ANALYSIS 



GEORGE H. HURST, F.C.S. 

u 

MEMBER OP THE SOCIETY OF CHEMICAL INDUSTRY 

LATE LECTURER ON OILS AT THE MUNICIPAL TECHNICAL SCHOOL, MANCHESTER 

AUTHOR OF " SOAPS," " COLOUR," ETC. 



THIRD EDITION, REVISED AND ENLARGED 

BY 

HENRY LEASK 



WITH SEVENTY-FOUR ILLUSTRATIONS 



LONDON 
SCOTT, GREENWOOD & SON 

"THE OIL AND COLOUR TRADES JOURNAL" OFFICES 

8 BROADWAY, LUDGATE, E.G. 
1911 

[All rights reserved] 

B. VAN NOSTRAND COMPANY 

Digitized by VjOOQ IC 






First Edition . Deceinber^ 1896. 

Second Edition — Revised Januai-y^ 1902. 

Thi/rd Edition — Bei^ed atid Enlarged . . June, 1911. 



Digitized by VjOOQIC 



PREFACE TO THE FIRST EDITION. 

This little book has been written with the object of 
supplying oil dealers and users with some information 
as to the various oils which are used for the purpose 
of lubricating machinery, and this object has been 
kept in view throughout, and the special properties 
of various products which cause them to be of value 
as lubricants are particularly pointed out ; while only 
those oils which are at all in extensive use for this 
purpose are mentioned, the mineral or hydrocarbon 
oils, which have largely, if not entirely, displaced the 
fatty oils, having special attention given to them. 

It is not intended that this book should be a full 
treatise on the preparation of the various oils, but 
some information which it is thought will be sufficient 
for the purpose is given on this subject. 

The chapter on the Analysis of Oils is not written 
with a view of making the reader an expert oil analyst, 
but is confined to giving some details of the best 
methods of testing oils with a view of enabling the 
dealer or consumer to make ordinary and regular 
tests of the quality of his oils, while he is recom- 
mended to engage the services of an analyst in special 
cases which may arise. 

In the chapter on Lubrication an endeavour 
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Vm PBEFACE TO THE FIBST EDITION. 

has been made to deal with the principles of that 
important subject ; unfortunately, information is 
lacking as to the real value of various oils in the 
lubrication of machinery, and any one who is in a 
position to do so would confer a favour on machinery 
users by making a series of observations on this sub- 
ject and giving his results to the world. 

GEORGE H. HUEST. 

Salfobd, 

October, 1896. 
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PEEFACE TO THE SECOND EDITION. 

In preparing this edition the general scheme followed 
in the first has been adhered to, it having met with the 
approval of readers and critics. The subject-matter 
has been amended here and there as experience has 
directed, and new portions added, so that the book 
has been brought well up to date. The author's 
thanks are due to many friends who have taken an 
interest in the book, and have made many suggestions 
for its improvement, many of which will be found 
incorporated in this new edition. 

The tables on pages 69, 113 and 117, referring to 
the properties of Scotch, American and Russian oils^ 
and the tables of viscosities of oils on page 238, have 
been revised and extended. 



G. H. H. 



Ma19CHSSTEB, 

December, 1901. 
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PREFACE TO THE THIRD EDITION. 

In preparing this Edition for publication the Reviser 
has endeavoured to make as few alterations on the 
original text as possible. It has been amended 
slightly, and supplemented where judged necessary. 
The new matter will be found chiefly in Chapter 
VIIL, treating on Lubrication under ordinary condi- 
tions — at high temperatures, as occurring in the 
Steam Engine cylinder — and as in Explosion Engines 
— gas, oil, or petrol. 

In the appendices will be found some matter 
relevant to the last subject, especially with reference 
to the later development of Gas Engines of great 
power — partly original, but chiefly reprints from 
'' The Oil and Colour Trades Journal ". The Reviser 
here again acknowledges his great indebtedness to 
Mr. J. V. Wilson for his permission to use freely his 
many publications on the subject of lubrication. 



H. L. 



London, 

June, 1911. 
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LUBRICATING OILS, FATS AND 
GREASES. 

CHAPTER I. 

introductory. 

Oils and Fats. 

Oil, in Saxon, ael, appears to derive its name from its pro- 
perty of inflammability, for aelan in that language is to kindle 
or to oil and aeled means fire. In Danish it is ild, whence 
the name Ildebrand or Hildebrand (Firebrand). The Ger- 
man word is oely the French huile, the Latin oleum. So says 
Ogilvie's Imperial Dictionary ; and defines oil, as an unctu- 
ous, inflammable substance derived from various substances, 
both animal and vegetable. An oil we usually regard as 
a liquid body, a fat as a solid body ; but it is merely a ques- 
tion of temperature whether a particular product be an oil 
or a fat. The very important substance, water, we know also 
as ice or steam. Cooled below 32° Fahr. it becomes hard, 
ice ; heated to 212° it becomes gaseous, steam. In the case of 
oils and fats we have not even such a hard and fast line of 
division. Olive oil in the country of its origin is always a 
liquid, in this country, England, in winter it sets into a solid 
fat ; and many other instances could be quoted to show that 
the distinction between oils and fats is merely a nominal one. 
I would instance cocoa-nut and palm oils, which in the country 
of their origin are invariably liquids, while in this country 
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ii '' .LUBBIGATING OILS. 

we know them as solid, and frequently refer to them as 
butters. 

The definition given above, though at one time complete, 
is now defective. Until the middle of last century, all the oils 
in general use, and especially those used for the lubrication 
of machinery, were, as described, of animal and vegetable ex- 
traction. It takes no account of the oils of mineral origin, 
which we have now in such abundance, but which cannot be 
spoken of as fatty substances. Fat is solely a product of life, 
animal or vegetable. 

In subsequent chapters it will be seen how, when, with the 
ever-increasing demand arising from the enormous develop- 
ment of manufacture by machinery, the finer lubricants became 
scarce and dear, necessity stimulated research and invention, 
and Nature's vast storehouse was ransacked and made to yield 
of oil a hitherto unheard of bountiful supply. The Pacific 
Ocean, the habitat of the sperm whale, had been searched so 
thoroughly that the species became almost extinct, and con- 
sequently the oil so dear that a substitute had to be found. 
The ** treasure hid in a field,'* in the shape of a plentiful store 
of coal and shale under our feet, was at this crisis revealed. 
When the supply of firewood had got low, men had used this 
black material for heating. About the beginning of the 
nineteenth century, Murdoch had started the high-heat in- 
dustry and given us from it for lighting, coal gas. In 1850 
James Young, by the gentler application of a low red heat, 
was enabled from the Torbane Hill mineral and shale to 
make oils for lighting, and eventually for lubricating. Na- 
tural petroleum, which long had been known to exist in 
various parts of the earth, notably in the Peninsula of Apsheron 
on the Caspian Sea, where its vapours fed the perpetual fires 
worshipped by the Parsees, was found also to yield similar 
oils. Eventually enormous supplies were found in various 
parts, especially in Southern Russia and America, as will ap- 
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OILS AND FATS. 3 

pear subsequently in the chapters treating of hydrocar- 
bon oils. 

The special features which distinguish oils from other 
substances are : — 

1. They are mostly liquid bodies that are lighter than 
water, the specific gravity ranging from 0*730 to 0*980. 

2. They all possess more or less viscosity, greasiness or 
unctuosity. 

3. They impart a greasy stain, more or less permanent, to 
paper. 

4. They are all inflammable. 

6. They are insoluble in water, but slightly so in alcohol, 
although in this respect they vary very much : castor oil is 
completely soluble in alcohol, olive oil but partially so ; the 
hydrocarbon oils are insoluble. The oils and fats are 
readily soluble in ether, carbon bisulphide, turpentine, benzol, 
chloroform, and some other solvents of a similar character. 
They are all soluble in petroleum spirit, even castor oil is 
soluble in an equal volume of this substance. 

Oils are divisible into two large groups : — 

(1) Fatty oils and fats. 

(2) Hydrocarbon oils. 

1. Fatty Oils and Fats, — It will be sufficient in this place 
to mention that these oils are compounds of the three 
elements, carbon, hydrogen and oxygen ; while this, however, 
is the ultimate chemical composition of the oils and fats be- 
longing to this group, they may be resolved into simpler 
bodies than themselves by a process of proximate analysis, 
viz., into glycerine, and one or more bodies of an acid 
nature, which are hence known as fatty acids. In another 
chapter this question will be dealt with in detail. All the 
fatty oils and fats are derived from the animal and vegetable 
kingdoms of Nature ; while some are liquid, and are then 
known as oils, others are solids, generally of a soft con- 
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4 LUBBICATING OILS. 

sistency like butter, and then they are called fats ; but, as 
pointed out above, the distinction between an oil and a fat is 
usually brought about by climatic conditions. 

When boiled with a solution of either caustic soda or 
caustic potash, oils and fats undergo a chemical change, re- 
sulting in the production of what is known as soap together 
with glycerine. This change is termed saponification ; at 
one time the term was restricted to that change brought 
about by the action of alkalies, but it has since been 
extended by chemists to include the decomposition of fats, 
etc., into glycerine and fatty acids, no matter by what 
means this change is brought about. Glycerine is obtained 
only from fats and oils, hence these bodies are often termed 
glycerides to indicate this fact. 

2. Hydrocarbon Oils. — What were originally and often now 
are so called mineral oils, but which are better classed under 
the term hydrocarbon oils, are derived wholly from the shale 
and crude petroleums of the mineral kingdom. They contain 
only the two elements, carbon and hydrogen. These two 
elements have the singular property of combining together in 
varying proportions to form a large number of compounds, 
known as ** hydrocarbons,'* of which more will be said pre- 
sently. The hydrocarbon oils, which will be considered here^ 
have widely varying properties ; some are very volatile bodies, 
water- white in colour and very limpid ; others are pale yellow 
but fluid; while others again are of a somewhat deeper 
colour, and rather viscid in character ; while others again are 
of a buttery consistence at the ordinary temperature. Some 
of the hydrocarbons, which will be considered, are of a 
wax-like nature, and form the valuable product, paraffin 
wax. The lighter of these products are very inflammable, 
and will burn freely at the ordinary temperature; such 
are chiefly employed as solvents in paint and varnish 
m.aking ; others do not burn quite so readily, but when burnt 
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with a wick in a lamp give a good white light, and hence find 
considerable employment as burning or illuminating oils, 
The heavier oils are employed in the lubrication of machinery, 
for which purpose they have largely supplanted the vegetable 
and animal oils. One feature of these hydrocarbon oils, which 
distinguishes them from the fatty oils, is that they are not 
acted upon by caustic soda or caustic potash. They also 
possess some amount of fluorescence or bloom, varying ac- 
cording to the source from whence the oil was derived ; such 
fluorescence is not possessed by any fatty oils. 

Besides the fatty oils, vegetables and plants often contain 
other bodies of an oily nature, which possess a characteristic 
taste or odour closely resembling the characteristic odour or 
taste of the plant from whence it came ; and it is obvious 
that to these oily products the plant owes its characteristic 
odour or taste. These have beeu named the ** essential oils,*' 
and they differ markedly in their properties and composition 
from the fatty oils. Sometimes a plant will yield both kinds 
of oil — a familiar example being the mustard. From this can 
be expressed by pressure a smooth bland oil possessing all the 
characters of a fatty oil. Then by distillation there can be 
obtained a white or almost white oil, which possesses in a 
marked degree the peculiar odour and taste of the mustard. 
This is the essential oil of mustard. These oils will not be 
dealt with in this book. 

Oils are used for a great variety of purposes ; in lubricat- 
ing machinery, illuminating, soap-making, food, medicine, 
etc., etc. In each particular use, certain properties and cer- 
tain oils are brought into play. For lubricating machinery 
dependence is placed on their viscid nature and their smooth 
qualities ; in illuminating, the fact that they are combustible ; 
for soap-making only the fatty oils are available, because they 
are the only ones which can be saponified. Certain oils are 
employed for food on account of their pleasant taste or odour ; 
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while in medicine oils and fats are convenient vehicles for 
applying many remedies to the human body, and in certain 
cases, as in bums and scalds, they have a soothing tendency 
which makes them act beneficially. A book which shall 
deal with oils and fats in all their applications has far too 
wide a scope. Hence the present work will be restricted al- 
most entirely to considering oils and fats from the point of 
view of their use as lubricants. 
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CHAPTEE II. 

HYDROCARBON OILS. 

The hydrocarbon oils, or, as they are frequently termed, mineral 
oils, are obtained from two Sources : — - 

1. From oil shales found in Scotland and elsewhere. 

2. From petroleum found in America, Eussia, and else- 
where. 

It is owing to the fact that they were first of all obtained 
from the Scotch shale that they obtained their name of 
''mineral oils," and which is still used to designate them 
without distinction as to their origin. Their name of hydro- 
carbon oils comes from the fact of their being mixtures of 
various compounds of carbon and hydrogen. 

The hydrocarbon oils are produced by a process of distilla- 
tion from the raw material, of whatever origin that might be ; 
and, as the products obtained are different from the materials 
employed, the distillation is essentially a destructive one 
resulting in the production of new compounds. 

Distillation, — Many bodies are capable of existing in more 
than one of the forms in which bodies make their appearance 
in nature. Water, for instance, is known to be a solid, a 
liquid, or a gas — according to the circumstances under which 
it exists at the moment. Alcohol can exist as a liquid or as 
a gas. Benzol, turpentine, aniline, ether, chloroform, are 
also examples of bodies which are known in two forms. 
Generally, indeed, it is always simply a question of tempera^ 
ture which determines whether a body shall be a solid, or a 

(7) 
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8 LUBEICATING OILS. 

liquid, or a gas. Sometimes pressure influences the conditions 
in a manner which will be indicated presently. 

When a solid body is heated, it begins generally to lique- 
fy, the temperature at which it becomes liquid being called 
its melting-point. This varies considerably with different 
bodies. Some melt below 0° C, others but little above, while 
others have a high melting-point, as, for instance, copper, 
iron, and most metals. Other bodies again cannot be melted 
with the means at present at the disposition of the chemist ; 
such are said to be infusible. 

Liquids, when heated, enter into ebullition, and pass off 
into the state of vapour or gas. The temperature at which 
they do this is called the boiling-point. This point varies 
very much. Some liquids boil below the freezing-point of 
water, others at temperatures but little above, while some 
boil at temperatures above that of water. Some bodies 
which are solid at the ordinary temperature liquefy on heat- 
ing, but do not give off any gas at any higher temperature. 
There are some solid bodies, e.g., ammonium chloride, which 
pass at once from a state of solid into that of ^as on heating. 

If the vapour of a liquid be passed through an apparatus, 
by means of which it can be cooled, it will condense back 
again into the liquid form in which it originally existed. 
This is called distillation. A distilling apparatus consists es- 
sentially of three portions: first, a retort, or still, in which 
the body may be heated to convert it into vapour or gas ; 
the second portion consists of an arrangement for cooling the 
vapours — this is called the *' condenser " ; while the third 
and last portion consists of a vessel to collect the condensed 
liquid, or distillate as it is called, in. 

Distillation is of two kinds, simple and destructive. When 
the distillate possesses all the characteristics of the original 
body, in fact, when all that the heat applied has done is to 
convert the body into vapour which is condensed again in the 
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other portions of the plant, we have a case of simple distilla- 
tion. On the other hand, when the products of distillation 
are diilerent from, and have evidently been produced by, the 
destruction of the original substance, then it is a case of de- 
structive distillation. 

Simple distillation always occurs with bodies of simple 
molecular composition, as, for instance, with water, alcohol, 
benzol, turpentine, etc. On the other hand, such bodies as 
the oils and fats, starch, wood, coal, etc., whose molecular 
composition must be of a most complex character, cannot be 
distilled without undergoing destructive distillation, without 
their molecules being broken up into two or more compounds 
of a simpler composition. 

It has been pointed out that, in all cases of destructive 
distillation, there is a tendency for one of the elements in the 
body to remain behind in the retort, or still, in greater pro- 
portion than it exists in the original compound. Mills has 
called it a case of ** cumulative resolution '*. 

Take, for instance, glycerine or glycerol. This on being 
distilled loses water, and passes into what is called a poly- 
glycerine, the final product being a hydrocarbon according to 
the equations : — 

OsHgO, - HaO = OsHeOa 
OsHeOa - HaO = OsH^O 
C3H4O - H9O = OjHa 

In the case of cellulose, we may suppose that action goes 
on in accordance with the following equations : — 

CeHioO^ - HaO = O^HgO^ 
OeHgO^ - HaO = G^H^O^ 
OeHeOa - HgO = C^Kfi^ 
Cja.fi^ - HgO = CgHaO 
OgHaO - HgO = C« 

The ultimate result being carbon, which is also the ultimate 
result obtained in distilling coal, shale, peat, wood, and other 
carbonaceous materials. 
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In actual practice the products obtained in the destructive 
distillation of wood, etc., are not so simple as are represented 
here ; while much water is always given off, some of the 
carbon comes over in combination with the hydrogen as- 
hydrocarbon compounds; some comes over in combination 
with both hydrogen and oxygen in the form of acid or phenolic 
compounds, such as acetic acid, phenol, cresylic acid, etc. 

The nature of the products obtained in the destructive 
distillation of bodies like coal, wood, etc., depends upon, first, 
the composition of the body, and se«ondly, the temperature 
at which the distillation takes place. 

First, as to the composition of the body, wood will 
naturally give rise to a very different series of products than 
coal, and the latter different again to shale. The purity of 
the compound also has some influence ; when pure, it does 
not undergo destruction to the same extent as if impure- 
When an organic compound is mixed with an infusible in^ 
organic compound, like limestone or clay, then a higher 
temperature is required to distil the body, and a greater de- 
composition of the body results, and products of a simpler 
chemical composition are obtained. This is seen in the cases 
of the shale and coal industries. In the former case the 
substance dealt with contains much mineral matter of an in- 
fusible character, the result being that a wide variety of 
products are obtained, most of which have a simple chemi- 
cal composition and constitution. On the other hand, coal ia 
fairly free from any mineral impurity, and the products from 
it are more complex in character. 

Whenever chlorine, sulphur, oxygen, and nitrogen are 
present in carbonaceous bodies, these always tend to cause 
the production of compounds containing them ; thus sulphur 
always causes the formation of sulphides and other sulphur 
compounds in the distillate, chlorine forms chlorides, oxygen 
gives rise to the presences of oxy acids and phenols in the 
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products, while nitrogen results in the production of various 
nitrogen bases. Thus it is that coal, shale or wood, when 
distilled, yields aniline, pyridine bases, phenol, cresol, sul- 
phides, etc. Often these are a source of trouble to the re- 
finer of the products. More especially is this the case in the 
shale industry, where the oxygen, nitrogen and other pro- 
ducts are more or less of the nature of impurities, and have 
to be got rid of ; a work which entails some labour and ex-; 
pense to the shale oil refiner. Sulphur in shale and pe- 
troleum has also been found to cause a smaller yield of solid 
paraffin wax, a feature which is rather undesirable. 

The temperature at which the distillation is conducted* 
has a material influence on the character and quantity of the , 
products. When the temperature is comparatively high, as 
it is in coal gas-making, then there is produced a large 
quantity of gas of simple chemical composition, containing 
much hydrogen, methane, ethene, acetylene, and other 
gaseous bodies. The characteristic products are a series of 
what are called aromditic hydrocarbons, of which benzene, 
toluene, naphthalene, anthracene are the most important 
members; besides these there are certain phenolic a^ 
amido compounds derived from them. 

When the operation is carried on at a dull red heat, such 
as was attained in the early days of the shale oil industry, 
while a large quantity of gas is produced, there are no 
aromatic hydrocarbons, but a large quantity of paraffin and 
olefin hydrocarbons with some ethers, such as pyrene, 
chrysene, etc., of a rather complex composition, together 
with certain pyridine bases and phenolic compounds. 

At a low red heat, such as is attained in the most modern 
shale retorts, the products are a small quantity of gas of 
high illuminating power^ a large yield of liquid hydrocarbons 
of the paraffin and olefin series, together with phenolic 
compounds and pyridine bases. 
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The following table shows the characteristic products 
obtained in the distillation of coal, shale, wood, and petro- 
leum, the most important being shown in italic type : — 



Products op Distillation. 



Products. 


Coal. 


Shale, 
traces 


Wood. 


Petroleum. 


Hydrogen 


large 


large 


present 


Oasecus Hydrocarbons 










Methane C H^ and 










Paraffins 


large 


large 


large 


present 


Olefins 


large 


large 


considerable 


present 


Acetylenes 
Liquid and Solid Hy- 


present 


none 


none 


none . 










drocarbons 










Liquid Paraffins 


small 


large 


absent 


very large 


Solid 


traces 


considerctble 


present 


moderate 


Liquid Olefins 


small 


very large 


none 


considerable 


Pseudo Ole- 
fins 


none 


none 


none 


present 


„ Acetylenes 


present 
large 


present 


none 


none 


Benzene, etc. 


trace 


moderate 


present 


Naphthalene 


large 


none 


moderate 


none 


Anthracene 


moderate 


none 


none 


present 


Ghrysene 


moderate 


considerable 


present 


present 


Oxygenated Bodies 










Acetic Acid , 


present 


present 


large 


none 


Methyl Alcohol 


none 


none 


considerable 


none 


Phenols 


large 


considerable 


moderate 


none 


Oxyphenols 


none 


large 


large 


none 


NUrogenized Bodies 










Ammonia N H, 


considerable 


considerable 


none 


none 


Anilines 


present 


none 


none 


none 


Pyridines 


considerable 


considerable 


none 


none 


Acridine 


present 


none 


none 


none 


Carbazol 


present 


none 


none 


none 


Sulphur Compounds 


present 


present 


none 


present 



The characteristic products are shown in itcUic type. 

Hydrocarbons. 
There are a very large number of compounds of carbon 
and hydrogen. Their study is much simplified by the fact 
that they can be divided into groups or families, in which 
there is a certain definite relationship between the proportions 
of carbon and hydrogen contained in members of each group, 
while the general properties and reactions of the members of 
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each family so closely resemble each other that a study of one 
will give a full clue to the properties of all the other members of 
the family. 

It may be convenient and not without some value if the 
special features of each of these groups of hydrocarbons are 
pointed out. 

Families of Hydbocarbons. 

1. CnH2n+2 scrics. Paraffins. This is a very complete 
series, comprising about thirty known members, some of 
which are gaseous at the ordinary temperature, others solid, 
but the majority are liquids, more or less volatile. Of this 
series more will be said later on. They are found in the 
products derived from the distillation of coal, shale, peat, 
petroleum, wood, etc. 

2. CnH2n series. Sub-group a. Olefins, Also a very 
complete group of about twenty to twenty-five members, com- 
prising both gases and liquids. They are present in the 
products of the distillation of coal, shale, petroleum, etc. 

Sub-group b, Paraffmes, A small and unimportant 
family. 

Sub-group c. Naphthenes. A small group of hydrocarbons, 
specially characteristic of Russian petroleum. 

The two sub-groups a and c will be dealt with in detail 
later on. 

3. CnH2n-2 serics. Sub-group a. Acetylenes. A small 
group found in coal distillates. 

Sub-group b. Allenes. A small and unimportant group. 
Sub-group c. Diallyl. An unimportant hydrocarbon. 

4. CnHgn-* series. Sub-group a. Valylene. An unim- 
portant hydrocarbon. 

Sub-group b. Terpenes. An important though small 
group of hydrocarbons, especially characteristic of essential 
oils from plants. 
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5. CnH2n-6 861168. Sub-gTOup a. Dipropargyl, An 
unimportant body. 

Sub-group b. Benzenes. A small but very important 
group of hydrocarbons found chiefly among the distillates 
from coal tar, and also present in small quantities in 
American petroleum. 

6. CnH2n-8 series. The hydrocarbon Cinnamene is the 
only known member of this group. 

7. CnH2n - 10 series. Phenylaoetylene. Found in coal tar. 

8. CnH2n-i2« Naphthalene. A very important hydro- 
carbon found in coal-tar distillates. 

9. CnH2n-i4. DiphenyL An unimportant hydrocarbon. 

10. CnHgn-M series. Stilbene. A coal-tar hydrocarbon 
is the sole representative of this series. 

11. CnH2n-i8 scries. Anthracene. An important hy- 
drocarbon found in coal-tar and shale distillates is the only 
member of this series at present known. 

12. CnH2n-2o serics. Eepresented by benzyl naph- 
thalene. 

13. CnH2n-22. Pyreue, which is present to a large 
extent in the crude shale oil, is almost the sole representa- 
tive of this series. 

14. CnH2n_24 scries. Chrysene, an hydrocarbon very 
abundant in crude shale oil, is the only known member of 
this series. 

15. CnHgn- 26 series. Eepresented by dinaphthyl. 

16. CnH2n- 28 series. Not known at present. 

17. CnH2n-3o series is represented by picene, an hydro- 
carbon found in Californian petroleum. 

Of these series of hydrocarbon groups only three possess 
much interest to the oil chemist, and these are the groups of 
the paraffins, the olefins, and the naphthese, because it is 
these three groups that form the various kinds of hydrocar- 
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ton naphthas, burning oils, lubricating oils, and paraflSn 
waxes. To these groups of hydrocarbons it is worth paying 
some attention. 

Paraffin or Methane Group of Hydrocarbons. 



General formula CnHj,, + j. 


Paraffin. 


Chemical 


Specific 


Boiling- 


Formula. 


Gravity. 


Poiut "C. 


Methane 


CH, 


gas 




Ethane 


C,H, 


gas 




Propane 


C,H, 


gas 


-20 


Butane 


C4H,, 


gas 


- 1 


Pentane 


<^:,H,, 


0-600 


37 


Hexane 


C,;H,, 


0-630 


70 


Heptane 


L'tH,, 


0-712 


98 


Octane 


l:,h,. 


0-78U 


124 


Nonane 


C,H^, 


0-741 


136 


Decane 


*-'i«Hs.^ 


0-757 


160 


Endecane 


^'11 -^2 J 


0-765 


180 


Dodecane 


C„H.„ 


0-776 


196 


Tridecane 


<-;,„H.;, 


0-792 


216 


Tetradecane 


^ jil-l-a? 


0-812 


236 


Pontadecane 


cIJh^ 


0-830 


255 


Hexdecane 


^Ifl^.Vl 


0-850 


276 


Heptadecane 


<->h:: 






Octodecane 


^ift^ra 






Endecane 


^']li!^4ft 






Icosane 


C;jl|Hj^ 






Hennicosane 


C„H„ 






Doicosane 


L«H*. 






Triicosane 


C^-jH^,, 






Triacontane 


C..„H., 







From this table it will be seen that a very complete series 
of this group of hydrocarbons is known, extending, without a 
break, from the first member with one atom of carbon in its 
molecule, to the twenty-third with twenty-three atoms of car- 
bon in its molecule. If the formula of each of the members of 
this series be examined, it will be seen that one member differs 
from the one above it, or the one below it, by containing one 
atom of carbon, and two atoms of hydrogen, more or less as 
the case may be. This difference of CH2 between the mem- 
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bers of a group is not peculiar to the paraffins, but extends to 
all other series or groups of organic compounds, and will be 
noticed again in connexion with the olefins and the naphthenes. 
If the formula be further examined, it will be found that the 
proportion of carbon to hydrogen, in each of these bodies, is 
twice the number of carbon atoms plus two. This fact is 
expressed in the general formula CnH2n + 2 applied to the 
series of paraffin hydrocarbons. The paraffin hydrocarbons 
are what are called saturated hydrocarbons, that is, the 
affinities of the carbon atoms are fully satisfied by the number 
of hydrogen atoms present, and therefore these compounds 
cannot take up any more atoms of other elements to form 
new compounds, as is the case with other series of hydro- 
carbon compounds. To obtain new bodies from the paraffins 
it is necessary to bring them into contact with such elements 
as chlorine, which have a strong affinity for hydrogen, and 
will take it out of a compound in which it is present ; at the 
same time an equivalent quantity of the element takes its 
place. Thus, when methane is treated with chlorine, an 
atom of hydrogen is eliminated from the methane, chlorine 
taking its place, and forming what is known as methyl 
chloride, CH3CI, while hydrochloric acid is formed at the 
same time. 

The paraffin series of hydrocarbons has the following 
general features : The first members of the series are gaseous 
at the ordinary temperatures of the air ; the next members 
are liquids of varying degrees of specific gravity and boiling- 
points, both of which it will be observed increase as the com- 
plexity of the hydrocarbon molecule increases; the higher 
members of the series are solid bodies, whose melting-points 
increase with an increase in the number of atoms of carbon 
and hydrogen they contain. 

They are not acted upon by treatment with caustic soda 
or caustic potash at temperatures below the boiling-point of 
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water ; melted with solid caustic alkalies the higher members 
of the series do undergo decomposition. Treated with either 
dilute acids or strong acids at the ordinary temperatures of 
the air, the paraflfins are not affected. Hot strong hydro- 
chloric acid has little or no action ; hot strong sulphuric acid 
exerts a charring action, while hot strong nitric acid decom- 
poses them to some extent. It was their power of resisting 
treatment with acids and alkalies that earned for them the 
name of paraffins from two Latin words — ^arum, without; 
affinis, affinity. They are all perfectly stable bodies, and may 
be exposed to air without undergoing any change. This pro- 
perty is of considerable value as regards the application of 
the paraffin hydrocarbons to the lubrication of machinery, 
and other uses. They are all inflammable bodies, and this 
feature is taken advantage of, the lower members forming 
the bulk of the paraffin and petroleum burning oils, while 
the higher members, under the name of paraffin wax, are 
employed in the manufacture of candles. 

The paraffins are found among the products of the distil- 
lation of shale, peat, coal, and are present in all petro- 
leums. 

There is one feature of the paraffins, which they possess 
in common with other series of hydrocarbon compounds, and 
that is their property of forming several isomeric bodies; 
thus in petroleum two octanes, two nonanes, and two of 
other members of the paraffin hydrocarbons are found. 
These bodies differ from one another in their boiling-points, 
and in the character of the compounds they yield when sub- 
jected to various chemical reactions. Warren was the first 
to point out the existence of these two series of paraffin 
hydrocarbons in American petroleum, and he gives the 
following table of the first few members of the two 
series : — 
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Paraffins. 


Boiling. 
Point. 


Specific 
Gravity. 


Boiling- 
Point. 


Specific 
Gravity. 


Butane 

Pentane 

Hexane 

Heptane 

Octane 


Series, j ^ 
I 119° 


0-640 
0-676 
0-718 
0-788 


Second 
Series. 


r 8"* 

37° 

68° 

98° 

I 127° 


0-611 
0-646 
0-689 
0-730 
0-752 



The members of the first series are distinguished as the 
normal parafl&ns, while those of the second series are called 
iso-paraffins. It will be noticed that the iso-paraffins have 
a distinctly higher boiling-point and specific gravity than the 
normal paraffins. Since Warren's time chemical research 
has revealed the presence of a large number of instances of 
such modifications of organic compounds, and has shown 
that their production or existence is governed by certain laws, 
which will be found described in the text-books on Organic 
Chemistry, 

Another series of hydrocarbons, found in paraffin and 
petroleum oils, is the 

Olefins. 

This group is characterized by every member of it having 
the hydrogen and carbon of which it is composed united in 
the proportion shown in the formula CHg; it is therefore 
known as the CnHgn series. 

The number of members known is not so numerous as 
in the case of the paraffins, although there is reason to sus- 
pect that they do exist, but have not yet been isolated or pre- 



The lowest possible term or member would have the for- 
mula CH2 methene or methylene, but from theoretical con- 
siderations this cannot exist in the free condition, although 
we are acquainted with compounds derived from it. 
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Olefin^ 


Pormula. 


Boilmg-Point. 


Specific Gravity. 


Ethene or Ethylene 


C,H, 


gas 




Propene or Propylene 


CgH, 


gas 





Butene or Butylene 


CH, 


6^ 


— 


Pentene or Amylene 


^pl^iii 


35° 


0*663 


Hezene or Hexylene 


C^Hij 


70* 


0-699 


Heptene or Heptylene 


C^Hji 


100° 





Ootene or Ootylene 


CjH]^ 


125° 


— 


Nonene or Nonylene 


C^H^y 


— 





Decene or Paramylene 


0,oH» 


— 





Hexdeoene or Getene 


CjyH^2 


275° 





Gerolene 


^ar^H 


solid 





Melene or Melissene 


^■^ii^tSO 


solid 


— 



The hydrocarbons of this group are characterized by the 
fact that they will combine with chlorine, bromine, or iodine 
directly, to form the chlorides, bromides, or iodides respec- 
tively, each hydrocarbon taking up two atoms of the halogen 
element. Thus ethene takes up two atoms of chlorine to 
form ethene dichloride, CgH^Clgj while octene forms with 
bromine the dibromide, C8HigBr2. These halogen derivatives 
are oily-looking compounds, and it is from this circumstance, 
and not from their presence in shale or petroleum oils, that 
their generic name of olefins is derived, although it happens 
to be rather appropriate, as the olefins form the larger pro- 
portion of Scotch and American lubricating oils. 

Sulphuric anhydride, SO3, combines directly with the 
olefins, and in consequence Nordhausen, or fuming sulphuric 
acid, readily dissolves them, forming peculiar sulpho-deriva- 
tives. Mixed with strong sulphuric acid absorption slowly 
takes place, and compounds of sulphuric acid with alkyl 
radicles are formed. Thus ethene forms ethyl sulphuric 
acid, C2H5HSO4, from which ethyl alcohol can be got by 
boiling with water. When liquid olefins of low boiling point 
are digested for some time with sulphuric acid, they undergo 
polymerization, that is, they are converted into higher mem- 
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bers of the same series. Thus pentene or amylene, CgHi^, 
which boils at 35° C, is converted into diamylene, CioH2or 
and into triamylene, CisHgo, which are bodies of higher boil- 
ing-points and specific gravity. Other olefins are similarly 
affected. Zinc chloride and other bodies have the property 
of bringing about this polymerization. The action of sul- 
phuric acid has some bearing on the treatment of the crude 
oils in refining Scotch and American lubricating oils. It is 
customary to treat the crude oils with strong sulphuric acid 
to remove nitrogenous bodies. If too much acid be employed 
it is obvious that it may act upon the olefins present and dis- 
solve them, thus leading to a loss of oil. 

The olefins have the property of combining with hydri- 
odic acid, hydrobromic acid, and hydrochloric acid to form 
what are called hydroiodides, hydrobromides, etc. These 
bodies, when heated with moist silver oxide, give rise to the 
original olefin and an alcohol of the paraffin series. 

The olefins combine with hydroxyl to form a series of 
alcohdls which contain two equivalents of hydroxyl, and are 
known by the generic name of glycols. Those best known 
are glycol or ethylene alcohol, C2H4(OH)2, propylene alcohol, 
C3H6(OH)2, butylene alcohol, C^HgCOH)^. These olefin alco- 
hols can be oxidized, when they yield two series of acids, one 
monobasic the other dibasic in character. Both classes of 
acids are important, and include such well-known bodies as 
oxalic acid, lactic acid. The relationship between the olefin 
and the alcohol aaid acids derived from it is shown in the fol- 
lowing formula : — 



Ethene. 


Glycol. 


Glycollic Acid. 


Oxalic Acid. 


|CHj 


rCHjOH 
\0HaOH 


/GHjOH 
\0OOH 


rcooH 

\GOOH 



Alkalies have no action on the olefins at any tempera- 
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tares below the boiling-point of water, or even slightly above 
that temperature. They are not prone to oxidation when 
-exposed to the atmosphere. 

The larger proportion of Scotch and American lubricat- 
ing oils are olefins of varying gravities and boiling-points. 

Naphthenes. 

The naphthenes are a group of hydrocarbons which 
have been found in Eussian petroleum oil and in the pro- 
ducts of the distillation of rosin. They have not yet been 
fully investigated, or the true position and relationship 
of the various members properly ascertained and corre- 
lated. 

The naphthenes have the general formula CnHgn,' which, 
it will be observed, is the same as that of the olefins, with 
which, therefore, they are isomeric, but differ very much in 
their properties. The first member of the series at present 
known contains six carbon atoms, and, from various con- 
siderations, it seems reasonable to suppose that that is 
the simplest member which can exist, just as benzene, CgHg, 
is the simplest hydrocarbon of the benzene series. 

The naphthenes act like saturated hydrocarbons. De- 
rivatives are known, but they are all obtained by substitution 
of an hydrogen atom for some other element. By various 
reactions they can be converted into derivatives of aromatic 
hydrocarbons of the benzene series. These facts all point to 
a different grouping of the hydrogen and carbon atoms in 
the naphthenes to what is the case with the olefins. In the 
paraffin and olefin series of hydrocarbons the whole of the 
reactions which they are capable of undergoing can be 
Teadily explained, on the assumption that the atoms are 
arranged in what is called a* chain form, represented by the 
formula: — 
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H H H H H H 
H— 0— 0— C— 0— 0— C— H 



i^AAii 



for hexane, C6H14, while the corresponding olefin, hexene, 
CeHia, has the formula — 

H H H H H H 

H— 0—0— 0—0— C = 

I'll X 

H H H H H 

On the other hand, the properties and chemical relation- 
ships of the naphthenes can be best explained by assuming 
that the atoms of carbon and hydrogen are arranged in a ring 
form, as shown in the formula for six carbon naphthene„ 

HHHH 
H— 0— 0— 0— H 
H— 0—0-0— H 

I A I 

HHHH 

In this all the carbon atoms are connected together in a ring, 
each with two atoms of hydrogen. An inspection of the two 
formulae for the olefin and the naphthene will show how it 
is that the olefin can form compounds by addition, while the 
naphthene cannot. In the former case, two of the carbon 
atoms are connected together with two bonds, one of which 
can be opened out and combined with chlorine or some other 
element ; on the other hand, in the naphthene, the whole of 
the bonds of the carbon are engaged. The other members of 
the naphthene hydrocarbons are derived from this by sub- 
stitution of one of the hydrogen atoms by methyl or some 
other alkyl group. 

So far the known naphthenes comprise those which con- 
tain from six to fifteen carbon atoms. 

The specific gravity of the naphthenes is relatively greater 
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than that of the olefin or paraffin hydrocarbons. Their 
boihng points are lower, while they are more viscid 
in character. This can be seen by an examination of 
the following table, which gives the gravities and boiling- 
points of several members of the three series of hydrocar- 
bons : — 





Specific 


BoUing- 




Gravity. 


Point. 


Hexane, CeHi4 
Octene, OgHig 


0-7188 


124« 0. 


0-7294 


123 


Octonaphthene, GgH^Q 


0-7714 


119 


Dodecane, O23H9Q 


0-7666 


202 


Dodecene, OiJB^ 


0-774 


208 


Dodecanaphthene, GisHsf 


0-8027 


196 



These facts explain how it is that Eussian petroleum oils 
have a distinctly lower flashing point than Scotch or 
American oils of the same specific gravity. 

Strong nitric acid acts upon the naphthenes, and converts 
them into nitro-derivatives of members of the aromatic 
series of hydrocarbons. Thus octonaphthene yiefds trinitro- 
metaxylene, which shows that the naphthene may be 
regarded as xylene hexahydride. Nonanaphthene yields 
trinito-pseudo-cumene under the same conditions. 

Strong sulphuric acid has a stronger action on the naph- 
thenes than it has on the paraffins or olefins ; generally sul- 
phonic acids of the benzene hydrocarbons are formed. 
Chlorine acts on the naphthenes, forming substitution com- 
pounds which, on saponification with caustic alkalies, yield 
alcohols. Bromine yields bromo-derivatives of the benzene 
hydrocarbons. Thus octonaphthene yields tetra-bromo-xy- 
lene ; nonanaphthene, tribromo-pseudo-cumene ; and hepta- 
naphthene yields penta-bromo-teluene. 

It is therefore evident that the connexion between the 
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naphthenes and the benzenes must be very close. Chemists 
do, in fact, regard the former as hydrides of the latter. 

See the "Oil and Colourman's Journal," November, 1893, 
to April, 1894, for further information on the paraffins, olefins, 
and naphthenes, and the chapter on petroleum for list of 
known naphthenes. 



Digitized by VjOOQIC 



CHAPTEE III. 

SCOTCH SHAI/E OILS. 

The first hydrocarbon or mineral oils which were known 
were obtained from a small deposit of what would now be 
called petroleum oil, found at Alfreton, in Derbyshire, which 
will again be referred to presently. This, however, was soon 
worked out, and then came oils prepared from what is now 
known as Scotch shale, a peculiar mineral found only in the 
•district which hes between Glasgow and Edinburgh in Scot- 
land, none being found in any other part of Great Britain, 
while similar shales have been found in but few localities, 
^ew South Wales being the most notable. 

The Scotch oil shale presents the appearance of a black, 
somewhat flaky mass of a homogeneous structure more or 
less glossy on the surfaces. If the shale contains much oily 
matter it can be cut, and when held in the flame of a lamp 
will bum with a luminous flame ; poor shales are stony and 
slate-like in appearance. They contain from 72 to 83 per 
cent, of mineral matter ; the rest being of a volatile character. 
"When heated they do not soften or melt, but retain their 
orginal form and size ; a feature which is of great importance, 
and is of value in the treatment of the shale. 

The principal shale mines lie in the two counties of Mid- 
lothian and Linlithgow. The beds of shale are found inter- 
l)edded with calciferous sandstone and underlying the lower 
coal measures. The principal seams of shale are the fol- 
lowing : — 

The Kaebum shale, which is 2^ to 3 feet thick, and is 

worked to a small extent. 

(25) 
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Next comes the Mungle shale, which is about 30 ins. thick. 

About 24 fathoms below this is what is known as the two- 
feet coal, which is not worked ; the upper portions of this are 
good shale. 

The Grey shale lies 34 to 50 fathoms below the two feet 
coal, and averages 34 inches thick. This seam is worked 
in West Calder, and yields a crude oil notable for the large 
proportion of solid paraffin wax it contains. 

The Houston coal lies 10 to 14 fathoms below the Grey 
shale. It is mined by many of the oil companies, but with-^ 
out any satisfactory results. 

The Pells shale lies from 30 to 40 fathoms below the 
coal* This is one of the best and most important of the oil 
shales, and is largely worked ; the upper portions of the 
shale jrield as much as 36 gallons of crude oil per ton of 
shale, while the bottom portions yield 18 gallons, being the 
richest of the shales in its oil-yielding power. From 20 to 
30 lb. of ammonia sulphate is obtained from a ton of this shale- 

The Broxburn shale. This is one of the thickest seams 
of all the oil shales, averaging 5^ feet thick, and is exten- 
sively worked. It yields from 16 to 20 gallons per ton of 
shale, with 40 lb. of ammonia sulphate, from some portions,, 
while others yield 35 gallons of crude oil and 25 lb. of am- 
monia sulphate per ton of shale. 

Dunnet's shale lies from 45 to 70 fathoms below the 
Broxburn shale, and ranges from 6 to 7 feet thick. It 
yields from 15 to 30 gallons of crude oil, and 20 to 40 lb. of 
ammonia sulphate per ton of shale. 

Barracks shale. This has been but little worked ; it is of 
great thickness, averaging 10 feet. 

Below this seam comes a series of calciferous sandstone 
beds, followed by what is known as the Camps hmestone at 
a distance of 100 fathoms below the Barracks shale, while at 
120 fathoms below the limestone there is the 
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Pumpherston shales, which consist of five seams known 
respectively as the Jubilee shale, about 8 feet thick ; the 
Maybrick shale, 6 feet thick ; the Curly shale, &i feet 
thick; the Plain shale, SJ feet thick; and the Wee shale, 
4i feet thick. These shales yield on an average 20 gallons 
of crude oil and from 60 to 70 lb. of ammonia sulphate per 
ton of shale. 

Before proceeding to describe the process of extracting 
oil, etc., from these shales, it will be convenient, and lead to 
a better understanding of the details of the process, if an 
outline description at first be given. 

The shale is mined and then placed in large, vertical iron 
retorts, heated by fire or hot gases. In the modem retorts 
steam is also sent into the retorts. As a result, the shale 
gives off a large proportion of volatile matters, which are 
condensed, while the mineral or inorganic portion of the shale 
remains behind in the retort, and is known as ** spent shale ". 

The volatile portions consist of uncondensable gas, which 
is utilized in the works as an illuminant and as a fuel ; water 
which contains a large proportion of ammonia, and is con- 
verted or used for making ammonia sulphate, a valuable 
manure. Lastly, there is the principal product, a thick, 
brown, tarry mass, known as the ** crude oil ". 

The crude oil is subjected to a number of operations with 
the object of converting it into useful products. First it is 
placed in a still or retort and distilled, when it yields ** coke *' 
and " once run oil". This latter product is next treated with 
sulphuric acid, which extracts from it a large quantity of 
basic bodies, and for the oil refiner useless hydrocarbon 
bodies. The treated oil is next treated with a solution of 
caustic soda, which extracts from it acid bodies ; the purified 
oil is again distilled, and now it is fractionated into three pro- 
ducts: a light spirit of a specific gravity of about 0*760, 
known as '* green naphtha " ; a hght oil, known as ** twice run 
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light oil " ; and a dark-coloured pasty oil, known as ** green 
oil," while coke remains behind in the still. 

The naphtha is purified by treating it with sulphuric acid 
and caustic soda and distillation, when '^ naphtha" is ob- 
tained. The twice run light oil is treated with acid and soda, 
and distilled ; it is separated into several fractions which, 
when further purified, form the various grades of burning 
oils. The green oil is subjected to a refrigerating operation, 
which causes the paraffin wax it contains to crystalHze out, 
80 that by pressing it can be separated from the oil, forming 
in its crude condition ** paraffin scale,*' which, when further 
purified, is converted into ** paraffin wax '*. The oil which is 
separated from the green oil is known as ''blue oil"; it is 
treated with acid and soda and redistilled into various grades 
of lubricating oils — light, intermediate, and heavy. The 
following diagram shows the relationship of the various crude 
and refined products : — 

Diagram OF the Shalb Oil Industry. 

Shale. Betorted gives 
Spent shale. 
Gas. 
Ammonia Liquor. 

Sulphate of ammonia. 
Crude Oil. 

Coke. 

Once Run Light Oil. 
Green Naphtha. 

Refined Naphthas, 730 to 760 gravity. 
Twice Run Light Oil. 

Burning Oils from 810 to 820 gravity. 
840 Oil. 
Green Oil. 
Scale. 
Blue Oil. 

Mineral Colza Oil 840. 
840 Oil. 

865 Lubricating Oil. 
875 Lubricating Oil. 
885 Lubricating Oil. 
890-95 Lubricating Oil. 
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This general scheme is subject to modifications at different 
works. 

The history of the Scottish shale oil industry may be 
briefly summarized as follows : In December, 1847, Dr. 
Lyon (afterwards Lord) Playfair called James Young's at- 
tention to the existence of a deposit of oily material at a coal 
mine at Alfreton, in Derbyshire. Young took up the matter, 
and found that the oil, when purified by distillation, yielded 
an oil that could be employed in the lubrication of machin- 
ery. The crude material was soon exhausted. Then Young 
turned his attention to Scotland, and found at Torbane Hill 
a deposit of shale which, when distilled, gave oil. The use 
of this and the method of extracting oil from it he patented 
(English patent, No. 13,292, 1850) in 1860, from which date 
the Scottish oil trade may be said to have existed. The 
Torbane Hill mineral was exceptionally rich in volatile 
matter, yielding at the rate of 120 gallons of crude oil per 
ton, showing it to contain about 70 per cent, of mineral 
matter and 83 per cent, of volatile matter. This mineral 
was exhausted by the year 1862. 

Since 1862 the oil has been got from the shale which is 
found in fairly large deposits in the district which lies be- 
tween Glasgow and Edinburgh. The various seams of this 
shale have been already described. Naturally, in the course 
of nearly half a century, the industry has seen many 
changes, and many improvements have been made in the de- 
tails of the process of extraction and in the plant employed! 
In the early days there was no competitor, but in 1859 
petroleum was discovered in America, and in the period from 
1864 to 1872 its use was gradually developing, and it was be- 
coming a great competitor of shale oil ; and since 1878 the 
Scotch shale works have had a hard struggle for existence, 
although at intervals they have had periods of prosperity. 
The competition with petroleum has had great influence in 
perfecting the plant and process, and causing the oil works to 
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turn their attention to sundry bye-products, the sulphate of 
ammonia and the wax, in which the petroleum works could 
not compete. 

There are three distinct periods in the history of the 
shale-oil trade. The first period extends from 1850 to 1867. 
The shale was heated in vertical retorts to a strong red heat, 
so that a large number of charges might be run through, al- 
though it was considered that a " low red heat " was essen- 
tial to the success of the operation. The crude oil obtained 
was black, tarry, and contained about 8 per cent of solid 
parajffin. Little or no attempt was made to utilize the am- 
monia liquor. 

The second period was inaugurated by the introduction 
of William Young's retort (English Patent, No. 660, 1867) 
in 1867, and lasted until about 1880. The low red heat was 
fairly successfully attained, with the result that the crude 
oil obtained was of better quality, yielding 10 to 11 per cent 
of solid paraffin wax. The process of extraction was much 
improved by the introduction in 1873 of the Henderson retort. 
Much attention was paid to the bye-products of the process. 

In 1881 was introduced the third period in the retorting 
of the shale by the introduction of the Young and Beilby re- 
tort. In this the low heat was fully attained. The shale 
was subjected to a double distillation process at first to a low 
red heat for the purpose of obtaining the volatile products, 
and, secondly, to the action of superheated steam, by which 
means the nitrogen contained in the shale was driven off as 
ammonia. More attention was paid to the purifying of the 
products, so that a greater yield of refined products was ob- 
tained from the shale. The principle first embodied in the 
Young and Beilby retort of subjecting the shale to a double 
distillpition has been followed up by other inventors with 
more or less success. Henderson has lately devised a retort 
which is a material improvement on any hitherto introduced. 

Besides the improvements which have been made in the 
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retorting of the shale, the processes and plant employed in 
the refining of the crude oils and intermediate oils have been 
the subject of invention, so that now the finished products 
are of far better quality, the burning oils are brighter, freer 
from odour, and burn better ; the lubricating oils are brighter, 
contain less paraffin in solution, while their viscosity and 
flash points are better ; the wax is of higher melting-point 
«,nd is better in quality, while there is a greater yield of valu- 
shle products from the crude oil. 

Peoduction of Ceudb Oil. 

While some attention will be paid to the older methods 
of retorting and dealing with the 
shale and crude oil, ap being of some 
slight interest, more notice will be 
taken of the plant in use at the oil 
wrork^ of to-day. 

The earliest retorts employed in 
the shale oil industry were copied 
from those used in the coal gas in- 
dustry, and were of a Q shape and 
built horizontally in the furnace. 
They were made of thin cast iron, 
and measured 8 to 10 feet long by 
35 to 40 inches wide. A number of 
these retorts were placed in a single 
furnace and heated by one fire. The 
weight of each charge was 450 lb., 
and usually three such charges were 
worked off in twenty-four hours. 
These horizontal retorts soon gave 
place to what are now known as the 
old vertical retorts. 

The vertical form of shale retort 
shown in Figure 1 has been the ^'^- ^- ^=^^'^^^ ^^^^^^ ^=''^^^- 
accepted form from very early times in the history of shale 
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distilling. Figure 2 is a drawing of a set of vertical retorts 
such as have been in use at the works of the Young's 
Paraffin Oil Company at Addiewell. These retorts were 10 




Fig. 2. Bench or Shale Retorts. 



feet long by 2 feet in diameter. Sometimes they were made 
round, at other times oval, in section. The top of the retorts 
was made with a hopper valve for the purpose of charging 
them, the construction of this hopper valve being shown in 
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the drawing. The bottom was left open, but it dipped into 
a trough of water which acted as a water seal. The pro- 
ducts of the distillation were carried away by a pipe from the 
top of the retort. They were usually built in sets of six, and 
were fired from an external fireplace, the flames and heat 
passing through flues into the space. round the retorts. The 
charge will range from 5 to 8 cwt. The charging and dur- 
ation of the working were so arranged that 1 ton of shale was 
worked off from each retort in twenty-four hours. The mode 
of charging is as follows : The spent shale which lies in the 
water trough under the retort was raked out by long rakes. 
This allowed the shale in the retort to fall down, and it in 
like manner was raked out. Then the valve of the hopper 
funnel at the top of the retort was opened, and the shale pre- 
viously placed in the hopper allowed to fall into the retort. 
These retorts gave a yield of 30 gallons of crude oil from 1 
ton of shale with 60 to 80 gallons of ammonia liquor, which 
produced about 16 lb. of ammonia sulphate. The crude oil 
was black and tarry, and yielded on refining «5 per cent of 
naphtha, 40 per cent of burning oil, 13 per cent of lubricating 
oil, 8 per cent of wax, and there was 34 per cent of loss on 
working up the crude oil. -Some of this loss, however, is gas 
and coke, which is used for fuel and illuminating purposes. 

A number of modifications of these old vertical retorts 
were in use, differing from one another in the shape and size 
of the retort. Some were long and narrow, others were of 
large diameter. Then differences were made in the manner 
of arranging them in the furnace, and in the construction of 
the heating arrangements. In no case was steam applied to 
any of the old vertical retorts as a regular method of workings 

The first great improvement in the retorting of shale was 

brought about by the introduction of the Young retort in 

1867 (English Patent, No. 650, 1867). These retorts were 

built in sets of four. They were double-walled retorts, a& 

3 
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may be seen by inspection of the drawing. The outer wall 
came in contact with the furnace gases and the heat, while 
the inner retort, which was separated from the outer one by 
about IJ to 2 inches, held the shale. The products of the 
distillation passed out through an outlet at the bottom, a 
perforated partition across it preventing any of the shale from 
getting in and choking up this outlet. A similar but larger 
outlet on the opposite side of the retort served to discharge 
the spent shale. 

A hopper at the top served to feed the retort. A current 
of gas or steam was sent into the space between the two 
retorts, and passing through the shale in the inner retort 
helped to carry off the vapours which were produced, and in 
the case of the steam helped to increase the proportion of the 
ammonia liquor produced. 

As a comparison of the results which were obtained, the 
Oakbank shale gave in the old vertical retorts 61*92 per cent 
of finished products from the crude oil, of which 8*12 per 
cent was paraflSn wax. In the new Young retorts the crude 
oil gave 6901 per cent of finished products, of which 1176 
wras paraflSn wax. 

This retort was not long in use, and has been superseded 
ty the Henderson and the Young and Beilby retorts. 

The Henderson retort, a sectional drawing of which is 
^ven in Figure 3, was brought out in 1873 (English Patent, 
No. 1327, 1873). It was a great improvement on any that 
had previously been invented. The Henderson retorts are 
built in benojies of four, are made of cast iron, 15 feet long 
and about 2 feet in diameter and IJ inches thick. At the top 
is an arrangement for filling the retorts ; the products of dis- 
tillation were carried away by a tubulure at the bottom. The 
bottom of the retort was formed by a kind of door which 
opened into the fireplace. The retort chamber is separate, 
and divided from the furnace chamber by means of a brick 



Digitized by VjOOQIC 



SCOTCH SHALE OILS. 



35 



partition, from the centre of which a flue communicated with 
the retort chamber. By this means the temperature of dis- 




FiG. 3. Henderson Shale Retort. 



tillation was kept low, and, further, the greatest heat was at 
the top, where the shale first comes into contact with it. The 
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fuel to fire these retorts is partly obtained from the spent 
shale, which contains a small proportion of carbonaceous 
matter, and which is thrown into the fireplace when discharged 
from the retort. The gas which is always produced during 
the distillation of the shale is also employed for fuel, and 
these are supplemented by coal or coke. 

The charge of a Henderson retort weighs 18 cwt., and 
takes sixteen hours to work through, at the end of which 
time the door of the retort is opened, and the spent shale al- 
lowed to drop into the furnace, where the carbonaceous 
matter it contains burns off and serves to heat the retorts. 
The working of a bench of retorts is so arranged that a 
retort is emptied and refilled every four hours. 

The products of distillation of this retort pass out at the 
bottom and into the usual hydraulic main that runs along 
the front of each bench of retorts. 

The crude oil obtained from the Henderson retort is 
lighter in specific gravity, the difference being from 002 to 
0*03 ; and it contains a larger proportion of valuable consti- 
tuents, as will be seen from the following figures : — 





Crude OU from 
Henderson Retort. 


Crude OU from 
Old Retorts. 


Naphtha 
Burning oils 
Lubricating oils 
Scale 
Loss 


6-00 per cent 
36-00 „ „ 
18-00 „ „ 
10-50 „ „ 
31-50 „ ., 


6-0 per cent 
40-0 „ ,. 
130 „ „ 

8-0 „ „ 
34-0 „ ,. 



The loss in working is less, while the yield of valuable 
products is greater. 

One hundred tons of shale, when distilled in the Hender- 
son retort, yield 12 tons of crude oil, 8 tons of ammonia water, 
4 tons of gas, 67 tons of ash, while in the shale as it drops 
into the fireplace there is about 9 tons of combustible matter. 

The yield of products from the crude oil has already been. 
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given. The ammonia water from 1 ton of shale contains 
sufficient ammonia to make 16 lb. of sulphate of ammonia 
on the average. The gas averages 2000 cubic feet per ton of 
shale, and it, along with the spent shale, has usually been 
found sufficient in quantity to fire the furnaces, so that little 
additional fuel is required. 

About the year 1881 some attention began to be paid to 
the question of increasing the production of the ammonia 
sulphate from the ammonia water. The demand for am- 
monia sulphate for manurial purposes having largely in- 
creased during previous years, investigations which were 
carried on by various chemists showed that, on the average, 
shale contains 0*72 per cent of nitrogen ; and that out of 100 
parts of nitrogen present in shale 17 was given off in the 
form of ammonia, 204 per cent, came off in the form of 
bases in the crude oil, while no less than 62*6 remains 
behind in the spent shale. It will thus be seen that most of 
the nitrogen remains behind in the shale. That which 
comes off in the form of bases, like pyridine, coridine, etc., is 
practically useless. Whether it can be decreased or not is 
uncertain, but it would be of decided advantage if that could 
be done, inasmuch as then the trouble and cost of refining 
the crude oil would be reduced, and moreover it is probable 
that the yield of scale and oil would be increased. 

Many attempts have been made to increase the yield of 
ammonia from shale. The addition of lime and soda has 
been tried, but without any advantage. Hydrogen has been 
sent into the retorts towards the end of the distillation, with 
the result that the amount of ammonia has been materially 
increased, but the cost of the process, compared with the in- 
crease in yield, was too high. The introduction of air into 
the retorts materially increases the yield of ammonia ; but . 
the best material to use is steam, for this not only increases 
the yield of ammonia, but also that of the paraffin gfcale. 
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The amount of nitrogen in shale should, if all came off as 
ammonia, give from 70 to 80 lb. of ammonia sulphate per 
ton,' but, as a matter of fact, only some 17 to 20 lb. is usu- 
ally obtained from the old retorts. 




Fig. 4. Young and Beilby Shale Retort. 

In 1881 Messrs. Young and Beilby, after long experiment- 
ing on this subject, introduced a new form of retort (Eng- 
lish patents, Nos. 1377, 4284, and 6084, of 1882), one object 
of which was to increase the yield of ammonia. This retort 
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is shown in section in Figure 4, and it is worked in benches 
along with a gas producer, which is shown in Figure 5, and 
is very similar in construction to the retort itself. This gas 




Fig. 5. Young and Beilby Gas Producer. 

producer is necessary, inasmuch as in the last stages of dis- 
tillation the shale is heated to a high temperature. 

The retorts are built in nests of four, as is the Henderson 
retort. The lower portion of the retort is built of brickwork, 
the end being curved as shown, and a discharging door is 
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provided. The upper portion of the retort is made of iron ; 
the upper end of the retort opens out into a chamber common 
to the nest of four, although a separate charging hopper is 
provided to each retort. The products of distillation pass off 
from the top of the retort. 

The shale is charged into the hopper, and is heated by 
hot gases from the retort below. As spent shale is removed 
from the discharging door at the bottom, the shale gradually 
moves down and passes through each portion of the retort. 
In the iron portion of the retort it parts with its hydrocarbon 
oils and paraflSn, while in the brick portion the carbon is 
more or less completely burned away by the heat and steam 
with which the shale comes in contact, and water gas and 
ammonia are produced. In the brick portion of the retort 
the shale is heated to a white heat, and comes in contact 
with superheated steam, the effect of which, according to 
Grouven (" Versuchsstationen Jour.," 28, 343), is that the 
nitrogen in the shale is converted into ammonia, the steam 
preventing its after-decomposition, and, moreover, exercising 
a useful influence on the production of hydrocarbon oils and 
paraffin in the upper portions of the retort. The retorts are 
heated by gas ; that which is produced in the distillation of 
the shale is employed along with some specially produced 
by a gas producer, the construction of which is shown in 
Figure 5, This gas producer consists of a vertical retort built 
of brick. At the top it is closed with a charging door, while 
from the top end passes a pipe carrying off the volatile pro- 
ducts which are formed. The lower end of the retort is 
closed by a fireplace and ashpit, which are fitted with regu- 
lating doors and dampers. A number of flues surround the 
retort, communicating with the bottom of the retort. These 
gas producers, like the shale retorts, are built in nests of four. 
The producer is fed with coal. In the upper portion it 
undergoes some distillation, the temperature being a red heat, 
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the gases and vapours which are formed passing away by 
the exit pipe that is provided, and cooled and collected. 
The coke which is formed gradually passes down the retort 
and comes into contact with a current of steam, and now it 
is decomposed, water gas and ammonia being formed. These 
pass away with other volatile products, the ammonia being 
collected and the gas used for heating the retorts. Some of 
the coke escapes the decomposing action of the steam. This 
when it comes down to the firebars is burnt to carbon 
monoxide, and this passing into the flues burns and serves 
to heat the retort or producer. 

These gas producers yield from 90 to 120 lb. of ammonia 
per ton of the coal used, which contains an amount of 
nitrogen equal to 165 to 170 lb. per ton, so that a large pro- 
portionate yield is obtained. The gas which comes from the 
producer consists of carbon dioxide, carbon monoxide, meth- 
ane, hydrogen, and nitrogen — hydrogen being the most im- 
portant, usually forming 28 per cent of the gas. Nitrogen 
exists to the extent of 44 per cent, while the carbon dioxide 
forms about 10 per cent. The composition of the gas will, 
however, vary from time to tim.e. 

The Young and Beilby retorts are worked with steam 
and air being sent into them. The introduction of these 
bodies has a material influence on the amount of ammonia 
and paraflBn obtained. It has been ascertained that, work- 
ing without steam and air, 1 ton of shale will give about 30 
gallons of crude oil, containing 10^ per cent of solid paraffin. 
Working with steam and air, the yield of crude oil rose to 33 
gallons, and it contained 12^ per cent of solid paraffin, while 
the ammonia was nearly doubled in yield. 

Previous to the introduction of these retorts at the Oak- 
bank Works, the old vertical retorts in use gave from 15 to 
16 lb. of ammonia sulphate per ton of shale, while the new 
ones gave 30 lb. per ton. The crude oil from the Young 
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and Beilby retort is of lighter specific gravity and is far purer 
in quality, so that it is possible with it to do away with the 




Fio. 6. Coupeb-Bae Shale Betobt. 

first redistillation and begin to fractionally distil it at once^ 
there being thus a saving of expense in the treatment of the 
oil. 
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In 1883 the Couper-Eae retort was brought out. This 
is shown in Figure 6, from which it will be seen that this 
retort closely resembles the Young and Beilby retort, but 
the lower portion is built of solid brickwork, while in the 
Young-Beilby retort it is built open for the flames and heat 
from the burning gases to play around the retort. Further, 
in the Couper-Rae retort a mixture of steam and air is intro- 
duced by a steam jet in the lower portion of the retort. 

The Stanrigg retort (English Patent, No. 9783 of 1889) 
was introduced in 1889. 
It is shown in Figure 7, 
which shows it to be very 
simple in form. It is 
built of brick cased with 
iron. It is 46 feet high, 
this height having proved 
to be the least which 
will yield the ma^^imum 
amount of ammonia from 
the shale. The diameter 
is 7i feet at the top and 
11 feet at the bottom. 
The charging is done at 
the top, from which end 
also the gases and vapours 
are drawn off, the exit 
being favoured by using 
a Roots blower. Low 
pressure steam, using 
about 100 lb. per ton of 
shale, is passed into the 

retort at the bottom, ^^^' 7- Stanwgo Shale Retort. 

while some air is also drawn through the retort, passing 
in at the discharging doors. The charge is 60 tons, and it 
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takes five days to work it oflf, 12 tons being removed each 
day and replaced with fresh shale. The heat attained in 




rrm 



nm 



FiQ. 8. Henderson Shale Betobt. 



this retort is about the least of any, and is well under 
control. Stanrigg shale distilled in this retort gives 40 
gallons of crude oil of a specific gravity of 0*860 per ton, 
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with 30 lb. per ton of ammonia sulphate. The gas amounts to 
6000 cubic feet. There is but little naphtha yielded in this re- 
tort, which is rather disadvantageous, and arises from the large 
quantity of gas which is evolved, preventing effectual scrubbing. 

In 1889 was introduced by Mr, Henderson a new form of 
retort (English Patent, No. 6726, of 1889), which is shown 
in Figure 8. This new retort is vertical, and is 28 feet long. 
The upper portion is made of cast iron, and here the oil is 
distilled from the shale at a temperature of about 900° Fahr. 
The lower portion is built of brick, and is maintained at a 
temperature of about 2000° Fahr. The brickwork portion of 
the retort is surrounded by flues into which the gas from a gas 
producer is sent. The gas burning in the flues heats the 
retorts. The bottom of the retorts is formed into a shoot, 
so that the spent shale can be delivered into wagons running 
on rails below the retorts. In the bottom of the retort are 
fitted rollers with teeth, the revolution of which forces out 
the spent shale. One peculiarity of this retort is that it is 
being continually discharged, and not in an intermittent 
manner, as is the case with the other retorts, so that the 
charge is continually dropping down the retort. This con- 
tinuous motion is said to increase the yield of ammonia and 
gases from the shale. Further, that it prevents any fusion 
of the shale, and therefore removes any liability to aggregate 
together which sometimes occurs in the older forms of re- 
torts. The products of combustion are drawn off from the 
top of the furnace. 

The following gives the comparison between the work- 
ing of this new Henderson retort and the old form of 1873 : — 





1873 Retort. 


1889 Retort 


Crude oil in gallons per ton 
Sulphate of ammonia, lb. per ton 
Gas, cubic feet per ton 


81 

17 

2000 


31 

44 

15,000 
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The great advantage is in the increased yield of ammonia 
while at the same time the quaUty of the crude oil is better. 

The crude oil from this retort has a specific gravity of 
0-867. and yields :— 

Naphtha and burning oils 80-52 per cent 

Medium oils 11*69 „ „ 

Lubricating oils 16-63 „ „ 

Wax 10-15 „ „ 

Coke 1-76 „ „ 

Loss in refining 29*46 „ „ 

See '' Journal of the Society of Chemical Industry," 1899, 
pp. 246, 247. 

Constructed on very similar lines, but differing in the 
details of their construction, are the Philipstoun and Pum- 
pherston retorts in use at those places. A description of 
these will be found in the " Journal of the Society of Chemi- 
cal Industry," 1897, pp. 988-90. 

Working with the Broxburn shale, the crude oil yielded 
by the Pumpherston retort gave the following yields of 
finished products : — 

Naphtha 8*50 per cent 

Burning oil 23*55 „ „ 

830 oil 6-26 „ „ 

840-860 oil 11-70 „ „ 

866-870 oil . 6*21 „ „ 

886-890 oil 18-81 „ „ 

Scale 12-87 „ „ 

Bottoms 8-68 „ „ 

Loss 19-48 „ „ 

The crude oil having a gravity of 0'868. 

The Editor of this edition is favoured with a description 
of the Henderson retort of the present day by the courtesy 
of Mr. D. R. Stewart, head chemist at the Broxburn Works 
and Director of the Company, from which it appears that the 
present retort (Patent, No, 26,647, 1901) differs from that al- 
ready described (No. 6726, 1889) in being longer and having 
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two toothed rollers below instead of one. It is described 
fully with drawings by Mr. Henderson in the " Journal of 
Chemical Industry " (vol. for 1897, p. 984), and is much 
more economical for labour and fuel than the retort of the 
smaller size. This latest retort stands 63 feet in height 
from ground level to top of hopper. Of this the upper part 
is of cast iron, 14 feet high, with a section at top of 2 feet 
9 inches by 1 foot 3 inches. The lower part is of brick 20 
feet in height and the sectional area of this at the bottom 
is 4 feet 8 inches by 1 foot 10 inches. There is a large 
hopper over the top filled with shale during the day and a 
chamber for the spent shale below. The 29 feet required 
to account for the total height is distributed between the 
hopper at the top and the spent shale chamber below. 
About 15 tons of shale are in the retort at one time. It is 
continuous working and 4^ tons of shale are put through in 
a day of twenty-four hours. Steam is passed in under the 
rollers and the distillation is upwards. This great height, to- 
gether with the slow progress of the charge downwards, is 
found to be of great advantage. 

The Process of Distillation, -^The shale is thrown into the 
hopper of the retort, and on opening the valve it drops into 
the retort. In the majority of retorts this operation is 
performed at certain regular intervals, the operation of 
charging being preceded by that of discharging in the case of 
the old vertical retorts. This latter operation was effected 
by withdrawing the spent shale through the water seal at the 
bottom of the retort. This drawing was done at the end of 
every hour, but the retort was only freshly charged every 
three hours, about 3 cwts. being run in each time. The 
Henderson first retort was drawn and charged every four 
hours, the weight of each charge being 4 cwts. The drawing 
in rihis retort is effected by opening a door at the bottom of 
the retort, whence the spent shale drops into the fireplace 
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below. The Young and Beilby retorts were also charged 
once in four hours, with about 4 to 5 cwts. of shale each 
time, the spent shale being first drawn out at the bottom. 
The Stanrigg retort was only charged about two to four 
times each day, the daily charge amounting to 12 cwts. In 
the case of the new Henderson retort, the charging is done 
at intervals of about two to four hours, but the discharging 
is done much more frequently by turning the discharging 
rollers at the bottom, by means of the lever which is provided 
for that purpose. 

The volatile products of the distillation come off in a 
pretty regular order. First there is hydrocarbon gas, then 
comes a colourless light oil, then a yellow oil containing solid 
paraffin, then dark brown oils containing much alkaloidal 
matters. This is the order when a quantity of shale is being 
distilled throughout. Besides these oily bodies, water is 
found accompanying them. In modern shale distilling re- 
torts the whole charge of shale is at varying stages of its 
decomposition ; that at the top is just giving off its lightest 
products, that at the bottom is giving off it heaviest products, 
while the intermediate portions are at intermediate stages of 
treatment. Therefore, from the exit pipe, there is passing a 
complex mixture of volatile products. 

Collection and Treatment of Volatile Products 
FROM Shale. 

The volatile products obtained in the distillation of shale 
are carried out of the retorts by suitable pipes, generally from 
the top of the retort, but in one or two forms, as has been 
previously noted, from the bottom. These exit pipes are in 
communication with an hydraulic main which passes along 
the front of the bench of retorts. In this main some con- 
densation of the less volatile products will take place, but 
the amount is not large ; necessarily it varies with every 
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different kind of retort ; owing to the very different tem- 
peratures at which the gases and vapours issue from the 
exit tube, in some retorts this temperature will reach about 
1000* Fahr., in others it may not exceed 500° Fahr. 

From the hydraulic main the products pass through a 
series of upright f\ shaped tubes, standing on a large iron box 
divided into compartments, so that one leg is in communica- 
tion with one compartment, and the other leg with the next 
compartment. These tubes act as condensers, the arrange- 
ment of the condensers on the iron compartment box ensuring 
that the products will pass through the whole series of tubes, 
and therefore the products will become fairly well condensed. 
In winter, of course, the condensation is much better than in 
the hot summer weather, when occasionally it may happen 
that some of the more volatile products escape condensation. 
These are recovered as mentioned below. In the condensers 
the ammonia water and crude oil condense and collect in the 
box, from which they flow into separators. 

Separators. 

The separators are shown in a sectional diagram in 
Figure 9. They consist of an iron hex divided into two 
compartments by a partition which does not extend quite to 
the bottom, and divides the box into two unequal-sized 
compartments. The inlet pipe for the products from the 
condensers opens into the larger of • the two compartments 
on the top. From one side of this, near the top, is an open- 
ing through which escapes the crude oil ; from another side 
of the same compartment is another opening through which, 
flows the gaseous and uncondensed product ; from an open- 
ing in the smaller compartment, which is placed somewhat 
below the level of the oil opening, flows the aqueous portioa 
of the distillates. The water, being heavier than the oil„ 

sinks down to the bottom in the separator, and, passing 
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xinder the dividing partition, flows out through the exit pipe 
provided for it ; while the oil being lighter, remains in the 
first division of the separator, and flows out through its exit 
pipe. 

The Gases, — The uncondensed products which pass 
through the separators, consisting chiefly of uncondensable 
gas, but which often contain portions of light hydrocarbon 
vapours, are next passed through scrubbers. These consist 




Fig. 9. Crude Oil Separator. 

of a tall tower, filled with broken bricks, etc., down which 
flows a stream of naphtha or light oil, which, exerting a sol- 
vent action on the hydrocarbon vapours in the gases, dis- 
solves them, and carries them down to be afterwards recovered. 
The gases themselves are then sent forward to the retorts to 
be used for fuel, or they may be used for lighting the works 
or other piurposes to which gas can be put. The amount 
usually produced is 2000 cubic feet per ton of shale, but the 
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quantity varies with the kind of retort which is used in the 
operation of distilling the shale. 

The Ammonia Water, — This usually has an average specific 
gravity of 2i° Twaddell (1*012), and contains amnioniacal 
compounds equivalent to 0'277 lb. ammonium sulphate per - 
gallon. It contains ammonium carbonate, which is the 
principal compound present, ammonium sulphide, ammonium 
sulphite, ammonium sulphate, ammonium thiosulphate, all of 
which are present in traces only. This ammonia water is 
converted into ammonium sulphate by treatment with sul- 
phuric acid, a plan which was first adopted by Robert Bell, 
in 1864, at the Broxburn Works. The ammonia sulphate 
has been found very valuable as a manure. 

Teeatment of the Crude Oil. 

The crude oil obtained in the distillation of shale is a 
most complex mixture of various bodies. A great variety of 
compounds have been found in it, but it is doubtful whether 
it has yet been fully investigated, and the whole of its con- 
stituents known. It contains : — 

1. Paraffins ranging from C^Hiq to CgoHgg. 

2. Olefins ranging from C4H8 to C20H4Q. 

3. Crotonylenes, CgHio, C.H^g, CgHj^. 

4. Hydrocarbons. Benzenes are present in but small 
quantities, and are absent in some shale oils. The pre- 
sence of naphthalene and anthracene is doubtful. Pyrene, 
•CigHiQ, and chrysene, CigHig, occur in notable quantity. 

5. Nitrogen bases. Ammonia, members of the pyridine 
series, coridine, rubidine and viridine are present, but no 
members of the aniline series. 

6. Oxygenated bodies. Acids of the acetic series are 
present ; phenols and oxyphenols and thymols are present. 

7. Sulphur compounds. These are present in small 
quantity. Sulphur is present to the extent of 1*6 per cent in 
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shale. Of this 1*4 is left behind in combination with the 
spent shale, 0*025 per cent is found among the gaseous pro- 
ducts, 0*028 is found in the crude oil, and 0*02 in the am- 
monia water. The presence of sulphur in shale leads to 
the diminution of the amount of paraffin wax, and a low 
yield of other products. 

Of all these bodies found in crude oil, only the paraffins 
and olefins are of any service to the shale oil distiller. The 
rest are of no use whatever, and have to be got rid of, and 
their presence increases the difficulty of refining the crude oil. 

The principles on which crude oil is refined are : First, 
that sulphuric acid has a solvent action on the heavier 
hydrocarbons — naphthalene, anthracene, pyrene, chrysene^ 
etc., and on the nitrogen bases which are present. Second, 
that caustic soda has a solvent action on the oxygenated 
and sulphur compounds. Thirdly, that by fractional distilla- 
tion the oils can be separated into hydrocarbons of varying 
gravities and boiling points. 

The process of refining crude shale oil, therefore, consists 
in treatment with sulphuric acid, caustic soda and distillation. 

The diagram on opposite page gives an epitome of these 
processes and shows where the various operations come in. 

This diagram does not pretend to be complete, but simply 
to give a general idea of the method of working. The details 
of refining vary at different works; some produce a com- 
paratively small number of products, others carry the refining 
rather farther and produce a greater variety. 

Crude Oil is a dark, reddish brown, pasty mass, with 
a peculiar odour. Ifc has a specific gravity of from 0*866 to 
0*890, the tendency being with modern improvements to 
produce a lighter crude oil. 

This crude oil is refined into useful products by a process 
depending largely upon distillation, combined with treatments 
by sulphuric acid and caustic soda. The distillation of crude 
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oil may be carried out in an intermittent manner, or in a 
semi-continuous manner, the latter being the most modern 
idea of refining shale oil. 

The intermittent method of refining crude oil is carried out 
in the following manner: The crude oil is put into a large 
iron still which is cylindrical in shape, with a concave bottom 
and a large manhole on the top. Such still is shown in 
Figure 10. It may be made 7 feet in diameter and 5 to 7 

feet high, and is 1 inch 
thick. From the top 
rises a goose - neck, 
which is in connexion 
with a worm con- 
denser. The still 
varies in size at differ- 
ent works, and may 
be constructed to hold 
from 260 to 2200 gal- 
lons of oil. The still 
is set in a suitable 
brickwork furnace. 
When the still is 
first set in operation some gas comes over, at about 100 
to 120° Fahr. ; this is followed by a light colourless oil. 
When the temperature gets higher, a pale yellow oil 
comes over ; this oil gradually darkens in colour, and 
soon particles of sOiid paraffin begin to show themselves. 
Finally a dark brown oil comes over ; this contains the great 
bulk of the alkaloidal matters of the crude oil. The distilla- 
tion is carried on until nothing comes over, and a mass of 
coke is left behind in the retort. 

At first the condenser is kept full of cold water ; when, 
however, the oil begins to get of a dark yellow colour, the 
water is run off ; then when solid paraffin shows itself, warm 




Fig. 10. Shale Oil Still. 
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water is run into the condenser to keep the paraffin in ar 
hquid condition, or otherwise the pipes might become choked 
up. 

The oily matter which comes over is known as " Once 
Eun Oil ". The modern shale retorts, Young and Beilby*» 
and Henderson's, are found to give crude oil of so much 
greater purity than what the older patterns of retorts did„ 
that it has been found possible to dispense with this first 
distillation and proceed with the next operation, thus saving 
a considerable item in cost. 

In some cases steam is sent into the still, but this is not 
customary. 

Once Run Oil. This has much the same appearance 
as crude oil, but is rather paler in colour and lighter in 
specific gravity, which is usually 0*845 to 0*876, and it forms 
some 90 to 95 per cent of the original crude oil. 

The first treatment to which once run oil is subjected 
consists in running it into large iron tanks holding about 
8000 gallons and fitted with either a mechanical agitator or 
with an arrangement for agitating with air, the latter plan 
being considered to be the best. In these tanks it i&mixecl 
with from 2i to 4 per cent of its volume of strong sulpimric 
acid of 1*74 (148* Twaddell), the acid and the oil being; 
thoroughly mixed by the agitator. As regards a mechanical 
agitator, this usually takes the form of an iron shaft carrying; 
arms which, running round in the oil, agitate it. The air 
agitator usually takes the form of a copper box placed! at the 
bottom of the tank ; the box has perforated sides, and i» in 
communication with a blower which forces air through the 
mixture of oil and acid. After being agitated together for 
some time the mass is allowed to stand for about twenty-four 
hours, when the acid settles to the bottom, carrying with it 
all the impurities which it has dissolved out of the oil. The 
layer of acid at the bottom of the tank is then run off, leaving 



Digitized by VjOOQIC 



66 LUBRICATING OILS. 

the purified oil. This acid layer has a black colour and a 
strong odour of sulphur dioxide ; it is known as the acid tar. 

The acid has no action upon the paraffins present in the 
once run oil, and comparatively little if any on the olefins. 
Some of the other hj^drocarbons it polymerises, and the cro- 
tonylenes which are present are probably converted into 
acetylenes, for those bodies have been found present in the 
acid tar while they are absent in the original oil. The 
pyrene and chrysene are dissolved, while the nitrogenous 
bases are combined with the oil and become dissolved there- 
in. It will thus be seen that the sulphuric acid has a great 
purifying action on the oil. It is not advisable to use too 
much or too strong sulphuric acid, or it may attack some of 
the higher members of the olefin series of hydrocarbons 
which may be present, and this is not desirable, as these 
bodies are useful lubricating agents. 

The acid tar which is obtained at several stages of the 
process of refining shale oil (see Diagram, p. 53) is mixed 
with water, which causes the oil to separate ; this is collected 
and used as a fuel, being burnt by means of a spray burner. 
The acid is employed in the manufacture of ammonia sul- 
phate. 

The second treatment of the oil consists in running into 
the oil in the tank from 2^ to 4 per cent of its volume of 
a solution of caustic soda, of a specific gravity of 1'30 (60'' 
Twaddell), thoroughly agitating the oil and alkali together 
and then allowing them to stand to settle. The alkali goes 
to the bottom and carries with it all the acid and sulphur 
constituents of the oil, the alkaline mixture which is thus 
obtained being run ofif and forming what is known as 
"soda tar*'. The washed oil is then ready for the next 
operation. 

Figure 11 shows one form of tank in which the treatment 
with acid and alkali can take place. The lower portion of 
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"this tank has a steam jacket, so that the contents may be 
-heated to about 150° Fahr. to ensure their being perfectly 
:fluid. It is fitted with an air agitator D, in connexion with 
^n air pipe C, an outlet for the tar A,»an outlet for the washed 
oil 0, and a steam pipe F. to jacket. 

The soda tar is treated by blowing air into it, which 
•causes the formation of carbonate of soda and the liberation 
of oily matters dissolved in it ; these are known as creosote. 




Fig. 11. Oil Washing Tank. 

tut have little use. The carbonate of soda can be recausti- 
oized for future use. 

The Washed Once Eun Oil is now run into a still of 
•some 2000 gallons capacity. This still differs somewhat 
in form from that used in the first distillation of the crude 
oil, and is shown in Figure 12. Inasmuch as in this second 
distillation the operation is not carried out until a dry 
'residue is left behind, it is found better to employ a still 
■(Figure 12) with a convex bottom, so that when the distillation 
is ended the residual liquid can be blown out through a pipe 
provided for that purpose. In this second distillation the 
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oil is subjected to a fractional separation. As the distillation 
proceeds, the distillates are tested from time to time. Wheifc 
the specific gravity of it reaches 0*760, the receiver is changed,, 
or rather the direction of the stream of distilled oil is changed,, 
and run into another tank. What has come over is " green 
naphtha," the refining of which will be dealt with presently. 
Then the distillation is carried on until evidences of solid 




Fig. 12. Oil Still. 

paraffin begin to show themselves in the condenser, and then; 
the direction of the stream of distillates is again changed.. 
What has come over is known as *' twice run light oil," and 
it is subsequently refined into burning oils of various quahties. 
The distillation is then proceeded with until a dark brown 
oil comes over, and but little, about 5 per cent, of the original 
oil is left in the still, then it is stopped. What has come off 
is known as ** green oil," and is afterwards refined into lu- 
bricating oils and solid paraffin wax. The residue in the re- 
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tort is used for making grease, fuel, etc., and is known as 
'* still bottoms," ** shale grease *'. 

This system of distilling the crude shale oils is rather 
costly. The wear and tear on the stills by being heated to 
redness in the first case to run the oil to coking point, and the 
breaking up of the furnaces by the unequal expansion due to 
the cooling and heatiag which must occur in the intermittent 
system of working, cause a very large outlay for repairs. 
Still with the older forms of retorts it was necessary, inas- 
much as the crude oil was not pure enough to fractionally 
distil at once, and there is no doubt but that, during the first 
distillation, some of the heavier hydrocarbons were broken 
up with the formation of lighter hydrocarbons, a feature 
which has been observed in the treatment of petroleum, and 
has been termed '* cracking ", The more modern retorts, 
however, give a much purer crude oil, which may at once be 
fractionally distilled. There has thus been devised a system 
of continuous or semi-continuous distillation, principally by 
Mr. Henderson of the Broxburn Works, where it is carried 
out to its greatest length. 

The Semi-continuous System of distilling the shale oil 
is carried out in a set of five stills. These are shown in 
Figures 13 and 14, which are taken from a paper read by 
Mr. D. E. Stewart, and published in the '' Journal of the 
Society of Chemical Industry " for February, 1889. In this 
method of distilling two kinds of stills are employed. First 
there is a set of three boiler-shaped stills set in a suitable 
brickwork, and heated by separate fireplaces. These three 
boilers are, for the sake of economy, set in a single setting. 
Besides these there are two coking stills of the form shown 
in Figure 14. The crude or once run oil is run into the 
centre one of the three boiler-shaped stills, and it is heated. 
When the naphtha begins to distil off, the supply of crude 
oil is allowed to run in. at a rate equivalent to the rate at 
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which the distillation proceeds. This still is therefore kept 
at one uniform heat to permit of this being done. The oil 
from which the naphtha has been distilled off is run into one 




o 



S 



of the end stills and is heated to a higher temperature, and 
from it the burning oils having a gravity of 0*835 are distilled 
off. From this still the oil runs into one of the coking stills 
to be run dry. What comes over in this still is the green oil. 
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It will be understood that there is a constant flow of crude 

oil in at one end of the central still, and distilled oil out at 

the other end into the second still. When this is full the 

flow of oil is transferred 

to the third still at the 

other end of the set. It 

is found that one naphtha 

still will keep two burning 

oil stills in work, and for 

these two coking stills are 

required. 

The main advantage of 
such a system of distilling 
is that a greater volume of 
oil can be treated in a given 
time, that the regular heat 
at which they are main- 
tained greatly reduces the 
wear and tear on them, and 
so reduces the cost of re- 
pairs. A further economy 
is effected by causing the 
oils fed into the stills to be 
heated by the hot vapours 
which are passing off from 
the stills themselves. 

Three to four products 
are obtained in distilling 
fractionally once run or 
crude oil by either of the 
methods described. 

1. Green naphtha. 

2. Twice run light oil. 
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3. Green oil. 

4. Coke or shale grease. 

These products are now subjected to various refining 
operations before they are sent out as commercial products. 

The green naphtha is first treated with 1 to 1^ per cent of 
its volume of sulphuric acid, then with 1^ to 2 per cent of 
its volume of caustic soda, these operations being called wash- 
ing ; the tars which are in each case produced being added 
to the corresponding tars obtained from the crude oil or once 
run oil, and treated with them. 

The washed naphtha is next put into a still and distilled 
until the distillate has a specific gravity of 0*760. Sometimes 
two fractions are collected, a light naphtha having a gravity 
of 0*730, and a heavy naphtha having a gravity of 0*760. 
Whatever remains in the still after this naphtha has come off 
is put into the twice run light oil, and refined along with that. 

Shale naphtha is a water-white, very limpid oil or spirit. 
Its specific gravity varies from 0*730 to 0760. It is quite in- 
soluble in water, and will not mix with that fluid. It is in- 
flammable, and on the application of a light will take fire, 
burning with a luminous flame. It is therefore highly im- 
portant when working with naphtha to be careful that no 
light can come in contact with it or its vapour. It is very 
volatile, and on exposure to the atmosphere evaporates 
completely away without leaving any residue behind. It is 
not acted upon by caustic soda, sulphuric acid, or nitric acid, 
at all ordinary temperatures, or even when heated to a 
moderate degree. Long digestion with strong sulphuric acid 
will cause the olefins it contains to be dissolved in the acid, 
but the paraffins are untouched. Naphtha is a powerful 
solvent of oils, fats, and similar bodies. It does not dissolve 
resins freely, the most soluble being dammar. It. is employed 
as a solvent in the preparation of paints and varnishes, and 
in other industries. 
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Naphtha begins to boil at about 60° C, sometimes even 
higher ; usually from 4 to 5 per cent distils over below 100° C, 
10 per cent under 125° C, 60 per cent under 160° C, and 
"90 per cent under 190° C. This is the usual average rate of 
•distillation for a heavy naphtha. A light naphtha will distil 
at somewhat lower temperatures. 

Shale naphtha is a complex mixture of hydrocarbons 
which principally belong to two series, paraffins and olefins, 
the latter forming about 60 per cent of the naphtha. There 
has been obtained — Hexene, CgHia, heptene, C^Hi^, octene, 
CgHig, and nonene, CgHig, among the olefins ; and pentane 
C5H12, hexane, C^Hi^, heptane, C7H16, octane, CgHig, and 
nonane, C9H20, among the paraffins, but other members of 
these hydrocarbons are present. 

The Twice Eun Light Oil is refined by washing with 1 to 
li per cent of sulphuric acid, and 1 to IJ per cent of caustic 
soda, as has been previously described. It is then run into 
stills, and usually fractionated into three fractions : — 

1. Having a gravity of from 0*800 to OSlO. 

2. Having a gravity of O'SIO to 0-820. 

3. Having a gravity of 0-820 to 0-830. 

What is left in the still, after running off these fractions, 
is added to the green oil for treatment, or rather to the blue 
oil, which is obtained from the green oil. 

Each of these fractions is then subjected to a further 
refining operation, which consists in washing them with a 
small proportion of acid and soda, usually about 1 per cent, 
and then redistilling into fractions, which then form the 
commercial burning oils. 

Usually the following grades of burning oils are made : — 

No. 1. Best, having a gravity of 0*800, and a flash point 
of 100° Fahr. 

No. 2. First quality, specific gravity, 0*810 ; flash point, 
103° Fahr. 
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No. 3. Second quality, specific gravity, O'Sl 5 ; flash pointy 
120* Fahr. 

No. 4. Lighthouse oil, specific gravity, 0-820 ; flash point,. 
160° Fahr. 

No. 5. Marine sperm oil, specific gravity, 0*830; flash 
point, 230° Fahr. 

After separating these fractions, there is usually left a' 
residue of oil of about 0*840 specific gravity. This is now 
sold for gas making, as a fuel oil, etc. 

Steam is sent into the retort to control the distillation. 
The oils distil off unchanged. Very little of the cracking 
which goes on during the distillation of American and 
Eussian oils appears to occur with Scotch oils. The steam 
serves the purposes of lowering the temperature of distilla- 
tion, and enables the vapour of the distilling oil to be carried 
out of the still. It is of great importance to fractionate the- 
oils thoroughly. A little naphtha left in a burning oil lowers- 
the flash point very considerably, while if any of the heavier 
oil is left in, it reduces the capillary power of the oil, and 
it burns badly. This thorough fractionation is only ef^ 
fected by several distillations. The burning oils are sent 
out in two forms, distilled oils and treated oils. The former 
are purified by distillation only. These are darkest in colour- 
and strongest in smell, but they burn the best ; the wicks, 
do not become charred so much, nor become covered 
with a crust. Treated oils are those which have been 
washed with caustic soda. They are liable to contain traces 
of soda, which causes them to form a crust on the wick 
after a time. They are dear and bright in appearance, and 
fairly free from odour. By careful washing of the oil with 
water, much of the alkali may be eliminated, in which case 
there is little or no crusting of the wick. 

The best oils are, after being distilled and treated, sub- 
jected to a bleaching operation, which consists in exposing. 
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them in shallow tanks under a glass-roofed shed to sunlight. 
The extent of the bleaching is not great, but it is sufl&cient 
to make the oil look paler, brighter and clearer. 

A bumiog oil should not begin to boil much below 400** 
Fahr., and leave but little residue at 572° Fahr. 

The Green Oil contains the lubricating oils and solid 
paraffin. The solid paraffin amounts to about 12 to 13 per 
cent of the crude oil. It is of interest to note that, from the 
crude oil itself, only some 6 per cent can be extracted, which 
shows that much solid paraffin must be formed by the sub- 
sequent distilling operations through which the oil passes. 
Probably the paraffin is present in the amorphous or un- 
crystallizable condition, and cannot therefore be pressed out 
by the usual method which is adopted for extracting paraffin; 
but during the distilling this amorphous paraffin is converted 
into crystalline paraffin. It is noticeable, too, in the same 
connexion, that the blue oil, which may be supposed to be 
fairly free from solid paraffin when fractionated, gives dis- 
tillates which contain solid paraffin. 

The green oil (or, as it is sometimes named, heavy oil and 
paraffin) is run into tanks about a foot deep in large open 
sheds, where it is cooled. Being stirred from time to time 
during the operation, the solid paraffin during the cooling 
solidifies. From these tanks the mass is run into refrigerat- 
ing tanks. These are 10 feet long by 6 feet vdde. They are 
divided by suitable partitions into compartments. These are 
of two sizes — one set 6 inches wide, into which is placed the 
oil to be cooled, while the other set is 1 inch wide, and 
through these there is a constant flow of a solution of calciunx 
chloride that has been cooled in a refrigerating machine. It. 
is important that the rate of cooling be slow, so as to allow 
time for the crystals of paraffin to form properly ; generalljr 
three and a half hours are allowed for the oil to cool downt 

from 60° or 70° Fahr. to 30° or lower, in the first refrigerationt 

5 

Digitized by VjOOQIC 



bb LUBRICATING OILS. 

to which the oil is subjected ; but in the second, or subse- 
quent coolings, eight to nine hours are allowed. Unless the 
crystallization proceeds properly, it is difficult in the subse- 
quent pressing to press all the oil out of the scale, which then 
comes up softer and browner in colour than it would other- 
wise do. To facilitate the cooling, the sides of the tanks are 
scraped from time to time, and the contents of each com- 
partment stirred up. 

In some works, in place of using tanks for the purpose of 
air-cooling the green oil, they have long cylinders of 3 feet in 
diameter, in which there is a stirrer continually working. 
Prom this cylinder, when sufficiently cooled, the oil runs 
into the refrigerating tanks to be cooled still further. 

At the Oakbank Works a somewhat different arrange- 
ment is employed for cooling and refrigerating the oil, which 
is allowed to take four days. The oil is run into deep but 
narrow tanks, built in blocks with interspaces between, 
these interspaces being enclosed and containing tubes through 
which flows a cold brine solution from a refrigerating machine. 
Each block is made large enough to hold a day*s production 
of oil. At the bottom of each cell revolves a screw worm, 
the shaft of which passes through stuffing-boxes at the ends 
of the cell and is connected with a screw worm gearing. 
The worm or screw in the cell is for the purpose of breaking 
up the solidified paraffin and getting it into a condition 
suitable for the filter press. This form of plant is shown in 
Figure 15, which represents a longitudinal section of a cell 
with the screw. It may be added that each block of cells is 
supported on girders and pillars, and under them are placed 
the filter presses employed to press the frozen oil. For a 
fuller account, a paper by Mr. George Beilby in the " Journal 
of the Society of Chemical Industry," 1885, page 321, maybe 
xjonsulted. 

After being cooled and broken up, the frozen oil is 
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pumped through a filter press, such as is shown in Figure 16. 
The oil which passes through is known as blue oil, or heavy 
oil, while the solid parafiin that is left behind in the press is 
known as "hard scale". The method of dealing with this 
scale will be described presently. It is important in the re- 
fining of heavy oils for lubricating that all the solid paraffin be 
extracted, or otherwise the specific gravity and setting point 
of the oil are much aflfected. A heavy oil of 0*863 specific 



£ri 



^^^ 




Fig. 15. Paraffin Wax Tank. 
gravity and setting at 42° Fahr. will, after having 10 per 
cent of paraffin removed from it, have its specific gravity 
raised to 0*872, and its setting point reduced to 20*' Fahr., 
while its viscosity will be increased. This arises from the 
fact that solid paraffin when melted or in solution has a 
specific gravity of 0*810. 

The Blue Oil. The blue oil, which comes from the, 
filter presses, usually has a specific gravity of 0*872 and a 
setting point of about 30° Fahr., but it will vary according as 
it comes from the first cooling or the second cooling. That 
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from the latter is higher in gravity and lower in setting 
point, which usually is about 20** Fahr. In some works the 
blue oil is washed with acid and soda and then distilled ; in 
others it is distilled first. This seems to be preferable to 
washing it first. During the distillation it is fractionated^ 
the following fractions being collected : — 

1. 840 oil, which is used for making gas, cleaning, etc. 

2. Mineral colza oil, 0-840 to 0*845 specific gravity, em- 
ployed as a burning oil. 




Fig. 16. Oil Filter Press. 

3. Lubricating oils, 0*865 specific gravity. 

4. Lubricating oils, 0*875 specific gravity. 

5. Lubricating oils, 0*885 specific gravity. 

6. Lubricating oils, 0*895 specific gravity. 

The heavier oils will contain some solid paraffin. This is 
separated out by refrigerating them, in this case cooling 
down to a lower temperature than is employed with the 
green oil. The scale obtained is rather softer than is got 
from the green oil, and is known as ** soft scale ". 

Each of the fractions may be subjected to a second dis- 
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tillation before it is ready to place on the market, so as to 
obtain as uniform a quality as possible. Further, the frac- 
tions are washed with acid and soda and then bleached 
by exposure to sunlight in shallow tanks under a glass 
roof. 

As regards the special properties of the lubricating oils, 
these will be fully described in the chapter on Oil Test- 
ing. 

The following details of the properties of the various 
grades of Scotch lubricating oils will be found of interest : — 

**865 " Oil. Light yellow in colour, with a violet-blae fluoresoence. 



%eoific gravity at 60° F. 
„ „212°F. 
Viscosity at 70° P. 
„ „ 100° P. 
., „ 120° F. 
„ „ 160° F. 
„ 212° P. 
Taporizing temperature 
Flash point 
Fire test • 



(1) (2) 

0-871 0-8664 

0-816 0-8126 

18 15I Standard of 

1 A 1 Q I Viscosity Rape 

U 121 = 100 Hurst's 

12 llJ Viscosimeter 

178° F. 176° F. 

818° F. 820° F. 

882° F. 398° F. 



' 876" Oil. Colour, a pale yellow with violet-blue fluorescence. 



Specific gravity at 60° F. 
1, „ „ 212° F. 

Viscosity at 70° F. 
„ ,, 100° F. 
„ 120° F. 
,, ,, 160° F. 
„ 212° F. 
Taporizing point 
Flash point 
Fire test . 



(1) 

0-877 
0-824 
28 
19 
17 
16 
14 

184° F. 
380° F. 
406° F. 



(2) 
0-8736 
0-8214 



!^ standard of 



--I Viscosity Rape 
Jgr= 100 Hurst's 
12J Viscosimeter 

186° F. 
334° F. 
410° F. 



* 886-90 " Oil. Colour, yellow with a violet-blue fluorescence. 



Specific gravity at 60° F. 

„ „ 212° P. 
Viscosity at 70° F. 

„ 100° F. 

„ 120° F. 

,, 160° F. 

,, 212° F. 
Taporizing temperature 
Plash point 
Fire test . 



(1) 

0-882 
0-830 
36 
22 
18 
16 
14 

190° F. 
362° F. 
440° F. 



(2) 
0-8861 
0-8331 

II] Standard of 
^„ I Viscosity Bape 
J'j = 100 Hurst's 
jgj Viscosimeter 

193° F. 
366° F. 
442° F. 
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(1) 


Specific gravity at 60° 


F. . 


0-892 


„ ,, 212° 


F. . 


0*840 


Viscosity at 70^ F. 




62 


„ „ 100° F. 




31 


„ „ 120° F. 




24 


„ „ 150° F. 




17 


„ ., 212° F. 




15 


Vaporizing temperature . 


202° F. 


Flash point . . 


, , 


372° F. 


Fire test . 


, 


468° F. 
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*• 890-95 " Oil. Colour, brownish-yellow with- violet-blue^fluorescence. 

(2) 
0-8892 
0-8424 

1^^ Standard of 
„^ I Viscosity Rape 
^gr = 100 Hurst's 
^A Viscosimeter 

208° F. 
374° F. 
460° F. 

It may, however, be stated here that they should not 
begin to distil below 600° Fahr., or at all events but little 
should come over. The flash point will vary from 320° Fahr. 
to 380° Fahr., according to the gravity. Their viscosity 
should be good, and they ought to be as free as possible from 
solid paraffin, colour or smell, while their bloom or fluores- 
cence should not be strong. 

The usual grades of Scotch lubricating oils are given 
above. Generally, it may be said that they are of good 
quality, possess good flash points, which vary of course with 
the gravity of the oil, and have a good viscosity. They are 
very serviceable for lubricating all kinds of light-running 
machinery, shafting, etc., and are much employed for that 
purpose. See the chapters on Oil Testing and Lubrication.* 

The lubricating oils obtained from Scotch shale consist 
chiefly, perhaps to the extent of 80 or 90 per cent, of the 
higher members of the olefin series of hydrocarbons. Usually 
the higher members of the paraffin hydrocarbons have very 
little lubricating power, and the smaller the proportion of 
them the better is the quality of the oil produced. 

The Paeaffin Scale is refined into paraffin wax of 
various melting points. One method of working is to dis- 
solve the crude scale in naphtha, using as little as possible, 
then by cooling crystallizing out the solid paraffin and 
separating it by pressure either in a filter press, or more 
commonly by an hydraulic press. This process is repeated 
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several times to get the oil oat of the paraffin, and so improve 
its melting point and colour. Sometimes the solution of the 
wax in naphtha is filtered through ground charcoal, or 
fuller s earth, or ground spent shale, to take out the colour- 
ing matter. By steaming, the solvent may be removed from 
the wax. Preliminary treatments with sulphuric acid and 
with soda have been given to the scale, but in such cases it 
is needful to remove by careful washing any acid or soda 
which may have been used. 

The following diagram given by Tervet, "Journal of the 
Society of Chemical Industry," 1887, page 356, shows the 
general scheme of working the naphtha process of scale refin- 
ing:— 

DIAGRAM OF PARAFFIN WAX REFINING. 

Naphtha Process^ 

Scale. 

Mixed with drippings luid naphtha. 

Cooled and pressed. 

I 



Once washed scale. 

Treated with naphtha. 

Cooled and pressed. 



Drippings. 



Scale, 
M.P. 120° to 
160° F. 



Drippings. 

Mixed with other drippings- 
and soft scale. 

Cooled and pressed. 

I 



Once washed 
soft scale. 

Naphtha added. 

Cooled and pressed. 



Drippings. 

Naphtha distilled 
o£E. 

Residue cooled 
and pressed. 



Drippings. 



Soft scale, 

M.P. 110° to 

116° F. 



I 



Oil. 



Soft scale. 



Paraffin scale is a mixture of oily and solid paraffins of 
various melting points. The following table given by Tervet, 
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loc. cit., gives the melting points of various scales and waxes 
which have been separated into 5 per cent fractions : — 

Analtses of Pabaffin Scales and Waxes. 
Melting points at 6 per cent fractions in degrees Fahr. : — 



Fraction. 


Scale. 


Hard Scale. 


Soft Scale. 


Wax 1-26°. 


Wax IIP. 


Wax 102°. 


1 


93 


104 


80 


119 


103 


94 


2 


95 


106 


83 


120 


104 


94 


3 


97 


108 


86 


120-5 


104-5 


95 


4 


98 


110 


88 


121 


106 


96 


6 


100 


112 


89 


121 


106 


96 


6 


103 


112-5 


91 


121 


107 


97-5 


7 


105-5 


114 


93 


121-6 


107-5 


98 


8 


108 


116-5 


96 


122 


108 


98-6 


9 


110-6 


117-6 


96 


122-5 


108-5 


99 


10 


112-5 


119 


97-5 


123 


109 


99 


11 


114-5 


120 


99 


124 


110-5 


100 


12 


116 


120-6 


101-5 


126 


112 


102 


13 


118 


121 


103 


126 


113 


103-5 


14 


120-6 


122 


105 


127 


113-6 


106 


15 


123 


122-5 


107 


128 


114-5 


106 5 


16 


123-5 


123-5 


109-5 


129 


116 


108 


17 


126 


125 


112 


130 


117 


109 


18 


126-5 


127 


114 


132 


119 


110 


19 


127 


129 


116 


134 


123 


112-5 


20 


128 


130 


. 118 


138 


126 


113 



Although the method of refining of wax by liquation or 
sweating is in a manner a digression from the main purpose 
of this work on oils, it is not wholly so ; and it has an in- 
teresting history. It may be premised that a cake made of 
melted paraffin scale is a mass of crystals of various melting 
points, the more slowly it is cooled the more perfect the 
crystallization. The impure oil fills up the interstices. Forty 
years ago the method of dealing with the scales to get quit 
of the oil was as just indicated to melt the scales, mix with 
naphtha, cool the mixture in shallow tin dishes, and then 
press the cake so formed in the hydraulic press. The im- 
pure oil, diluted by the naphtha, was pressed out, and the 
comparatively pure cake remaining in the press was again 
melted and treated in the same manner. To Mr. Hodges, 
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manager of the wax refinery at Price's Patent Candle Works, 
is due the discovery of the hquation or sweating process, — 
and the exclusion of such a dangerous material as naphtha 
from the wax refinery. He had noticed that a piece of crude 
melted and cooled cake of parafl&n that had accidentally fallen 
on a covered steam pipe whitened when the subdued heat 
softened it. The idea struck him and he utihzed it as a 
method of refining. He had the wax melted and cast into 
thin blocks, and when cooled put on shelves covered with 
cocoa-nut matting, in a chamber heated with steam, and 
carried out the process on a manufacturing scale. This pro- 
cess was patented in 1871. On the expiry of the patent, this 
process was universally adopted by refiners, and, with modi- 
fications, continues in operation up to the present date. 
Mr. Norman Henderson patented an apparatus or plant for 
carrying out the process with great economy of labour. 

Carried on in the ordinary way, this process involved a 
very considerable amount of manual labour. The melted 
paraffin was cooled in tins ; the cakes when emptied out had 
to be placed on the shelves by hand, and the sweated cake 
removed by hand previous to melting for charcoal treatment. 
In Henderson's patent the chamber for cooling and subsequent 
heating is retained and the melted crude scale is poured into 
large trays. Each tray is levelled for filling ; near its bottom 
are fillets which support a frame of galvanized netting. Be- 
fore filling, water is let into the tray just covering the netting. 
The melted material is floated on the surface of the water 
to a given depth and then allowed to cool, forming a cake of 
say 21 feet long, 6^ feet wide and 2 inches thick, the length 
and width being determined by that of the tray. Nine such 
trays are supported over each other on a framework so con- 
structed over a fulcrum that by one movement they may be 
tilted towards one end. The cakes being consolidated by cool- 
ing, the water runs away at the low end, and the cakes are 
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supported by the wire netting with a free space below, pre- 
viously occupied by the water now removed. The doors being- 
closed the whole chamber is heated by close steam and the^ 
process is carried on in the usual way, progress being deter- 
mined by the melting point of the cake on the trays, or by 
the specific gravity of the sweatings. Five per cent of thfr 
cake's weight is sweated out generally for a rise in melting 
point of V Fahr. Each house of eighteen trays will give 12 to- 
15 tons of finished wax per week. The apartment 62 feet 
long, by 13 feet 8 inches high will accommodate two such sets 
of trays set end to end. Both sets incline toward each other,, 
the sweatings from both passing through the same channels, 
to the several receptacles. When draining is finished free 
steam is let into the several trays and the sweated cake is in 
its turn melted out for further treatment. The sweatings- 
were sometimes caked and pressed in hydraulic presses, but 
the Broxburn Company and others do not plate press now, 
they leave that to the sweaters. Though they still use the 
apparatus just mentioned to a small extent, they are adopt- 
ing an apparatus the subject of a new patent by Mr. Hender- 
son, No. 7630, 1905, in which the paraffin is sweated more 
efficiently. In the older apparatus the separation of the 
softer portion was effected by heat and gravitation alone; 
in the new one suction from a steam injector assists to draw 
the sweatings. Instead of the piles of large horizontal trays, 
in the new patent cells set vertically are adopted. These 
are cylindrical, constructed of leaded iron, and are 9 feet 
high and 17 inches diameter over all. Inside there is a 
cylinder the same height of 7 inches diameter leaving an an- 
nular space of 5 inches clear all round. The bottom does not. 
extend to the 7 inch but only to the wide-ringed portion 5 
inches wide all round which holds the wax, leaving the centre 
open for the passage of air first to cool its contents and then 
the steam-heated air to warm them up to, and through, the: 
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sweating stage. There are layers of wire gauze around the inner 
cylinder to keep open a passage for the oil and sweatings and a 
false bottom near the bottom up to which water is filled before 
charging with paraffin. This apparatus is cheaper to put up- 
and more economical of space than the horizontal arrangement. 
The ground plan and partial elevation is shown p. 76. 

By careful regulation of the temperature of the chamber, 
the process may be carried on with great success, and wax of 
any required melting point obtained. 

Usually four grades of wax are manufactured ; the best 
has a melting point of 120° to 125° Fahr. ; the second of 115° 
to 120° Fahr. ; the third of 110° to 115° Fahr. ; and the fourth 
of 100° Fahr. 

The proportion of the various qualities of wax which are 
obtained is approximately as follows : 10 per cent of 100° to 
110° Fahr., 18 per cent of 110° tp 115° Fahr., 42 per cent of 
115" to 120° Fahr., and 29 per cent of 120° to 125° Fahr. wax. 

Paraffin wax consists of the higher members of the 
paraffin series of hydrocarbons. By a series of fractional 
distillations under a vacuum it is possible to separate the 
wax into fractions of different boiling points, and then by 
crystallization from alcohol to obtain pure products. Work- 
ing in this way Krafft has obtained, from a crude wax melt- 
ing at 86° to 95° Fahr., the following series of hydrocarbons,, 
and determined their melting point, specific gravity, and 
boiling point under a vacuum of about half an inch : — 



Paraffin. 


Formula. 


Melting 
Point. 


Boiling 
Point. 


Specific Gravity 

at the 
Melting Point. 


Heptadecane 


^17^36 


72° F. 


338° F. 


0-7767 


Octodecane 


^18^38 


82-5° F. 


369° F. 


0-7768 


Nonadecane 


C19H40 


89-5° F. 


380° F. 


0-7774 


Eicosane 


C20H42 


98-6° F. 


401° F. 


0-7779 


Heneicosane 


O21H44 


106° F. 


419° F. 


0-7783 


Docosane 


0^H« 


112° F. 


436° F. 


0-7784 


Trioosane 


C23H48 


118° F. 


453° F. 


0-7785 



Digitized by VjOOQIC 



76 



LUBEICATING OILS. 



s 
o 



I 

I 



« 






i 


1 

ONOI i33J 6 5 

4-. 


1 
1 

In 

1 


z 

5 





y3i3wvia I Hovds aiv 



to 



< 



o 
O 
u 



g 



I 

I 




UJ 
N 

CO 

-J 
< 

D 

-100 









I 



Digitized by VjOOQIC 



SCOTCH SHALE OILS. 



77 



From waxes of higher melting points, it is obvious that 
paraffins still higher in the series could be obtained. Gellatly 
has isolated a paraffin melting at 176° Fahr. from wax, and 
Gill and Meusel have obtained cerotic acid by oxidation from 
a wax melting at 133° Fahr., which must therefore have con- 
tained the hydrocarbon €27115^. 

Below will be found some statistics as to the Scotch 
Paraffin Oil Industry, and the products which are obtained. 

Statistics or the Scotch Shale Oil Industry. 
Progress of the Industry. 





1871. 


1879. 


1887. 


1893. 




51 works. 


18 works. 


13 works. 




Tons. 


Tons. 


Tons. 


Tons. 


Shale .... 


800,000 


850,000 


1,869,300 


1,947,842 




Gallons. 


Gallons. 


Gallons. 


Gallons. 


Crude oil . . . 


25,000,000 


29,000,000 


52,876,700 


48,696,341 


Naphtha and burning 










oil and gas . 


11,250,000 


11,400,000 


21,680,000 


20,462,341 


Lubricating oil 


2,500,000 


5,000,000 


9,000,000 


8,765,289 




Tons. 


Tons. 


Tons. 


Tons. 


Paraffin, solid 


5800 


9200 


22,846 


19,130 


Sulphate of ammonia . 


2350 


4750 


18,483 


28,000 



Capital in 1879, iBl,300,000 ; in 1887, £2,000,000. 
E. Irvine, ** Journal of the Society of Chemical Industry," 1894, p. 1039. 

Yields op Products from Various Crude Shale Oils. 



Product. 


No. 1. 


No. 2. 


No. 3. 


No. 4. 


No. 5. 


No. 6. 


Naphtha 
Burning oil 
Oil 840-850 
Oil 865-868 
Oil 886-890 
Bottoms 
Hard Scale 
Soft Scale 

Totals 


2-00 
16-75 
3-75 
6-60 
17-20 
1-70 
3-10 
1-50 


2-00 

3500 

4-50 

6-00 

12-40 

10-70 
4-00 


2-00 

25-80 

4-60 

5-80 

15-00 

4-60 
2 20 


1-76 

32-75 

4-35 

6-16 

10-15 

5-14 
2-40 


1-55 

27-86 

4-50 

5-40 

14-55 

11-15 
5-40 


1-80 
3410 
5-35 
6-20 
3-60 

8-95 
4-30 


51-60 


74-60 


60-00 


62-69 


70-40 


64-30 



Mills, ** Destructive Distillation," p. 42. 
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Shale Industry of Scotland, 1906. 



Shale raised .... 

Crude oil produced 

Sulphate of ammonia produced . 

Refined Products. 
Naphtha sp. gr. •680°.-760°=-716° 
Burning oils, •790°.-83a> = •810*» 
Gas oils, •860°--87O'=-860° 
Lubricating oils, •865°.-900°=-885° 
Paraffin wax, say 9 lb. per gallon 


Tons. 


Gallons. 


2,709,840 

247,234 

49,600 

8,033 
61,443 
38,000 
39,487 
22,476 


62,932,400 

2,617,296 
16,991,748 
9,897,674 
9,994,449 
6,694,026 



Men employed, 8300. 

Wages about £700,000. 

Products, labour, and wages increased by about 10 per cent in 1909. 



Products and Yields from Scotch Shale Oil. 
Given in Percentage of the Crude Oil, 



Products. 



Gasoline . 
Naphtha . 
Burning oils 
Lubricating oils 
Wax. 
Loss . 



Broxburn. 


Young's. 




00-26 


6-00 


6-75 


37-28 


88-00 


17-40 


14-60 


12-62 


11-00 


27-80 


30-60 



Analysis of Shale. 

Specific gravity 1-877 

Moisture at 220° Fahr 2-64 per cent 

Volatile matter 23-63 

Fixed carbon 12-69 „ 

Ash 63-74 

Ash of Shale. 

Soluble in water 8*27 per cent 

Silica, SiOj 63-60 

Ferric oxide, Fefi^ 12-23 „ 

Alumina, Al^Os 22-14 „ 

Lime, CaO 1-66 „ 

Magnesia, MgO trace 

Sulphur 0-94 

The soluble portion of the ash contains 0*92 of sulphur trioxide, SO,. 
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The shale contains 1*80 per cent of sulphur, of which 1'3 remains in the 
The 36*22 per cent of volatile matter and carbon contains : — 



Carbon . 
Hydrogen 
Oxygen 
Nitrogen 
Sulphur . 



The Permanext Gas from Shale. 



25*27 per cent 
3*67 
5*65 

0*49 „ 



Composition. 


No. 1. 


No. 2. 


Carbon dioxide . 


23*00 


20*70 per cent 


Carbon monoxide 


400 


1-16 „ 


Hydrogen . 


13*40 


21*68 „ 


Olefins 


1-60 


1-60 „ 


Marsh gas . 


19-70 


8-66 „ 


Oxygen 


1*30 


3*60 „ 


Nitrogen . 


37*00 


42 60 „ 



Digitized by VjOOQIC 



CHAPTEE IV. 

PETROLEUM. 

Petroleum, which word is derived from two Greek words — 
petroSy a rock, and oleum, oil ; in other words, rock-oil — has. 
long been known. It is found very widely diffused through- 
out the earth, in small quantities in some places, in extra- 
ordinary abundance in others. In some localities it has 
been known for centuries. At Zante, in the Ionian Isles^ 
petroleum was found and was referred to by Herodotus^ 
who flourished about 430 B.C. This deposit of petroleum is. 
used even now locally. It is found in some quantity in 
Sicily ; of this Plato makes mention. At Ecbatana, in 
Persia, petroleum is found, and of this Plato mentions that, 
he saw it on fire. In France the deposit which occurs at 
Clermont and Glebian, in the department of Languedoc, 
has been known and used for centuries. The deposits of 
Uquid naphtha near Baku, on the shores of the Caspian Sea, 
have been known for a long period, but it is only during 
recent years that their extraordinary abundance has been 
known and developed. The deposits of petroleum in Bur- 
mah have been known for centuries, and formed the first 
source of petroleum imported into this country. The impor- 
tation was, however, soon stopped in consequence of the 
much greater supply at cheaper rates from America. In 
England petroleum has been found in small quantities in 
many localities. In 1847 a supply was found at Alfreton, in 

Derbyshire, by Dr. Lyon Play fair, and was worked for a. 

(80) 
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short time by James Young, of Scotch paraffin fame. At 
Ormskirk, in Lancashire, and in the coal mines in Northum- 
berland, petroleum is to be found in exceedingly small 
deposits. Elaterite, a peculiar mineral found in an ancient 
lead mine in Derbyshire, is closely allied to petroleum in its 
composition. In Gloucestershire there are deposits of petro- 
leum which are used locally. In California and Canada 
deposits of no small extent are met with. In the Argentine 
Kepublic, at Jujuy and Mandese, are lakes of asphalt, which 
is closely allied to petroleum; while in Trinidad is a cele- 
brated pitch lake of some 99 acres in extent. The rise of 
the modern development in the use of petroleum may be 
ascribed to the discovery in North America by Colonel 
Drake, in 1858, of the rich American deposits; although 
prior to this the American Indians were acquainted with the 
use of seneca oil (crude petroleum) and used it chiefly for 
medicinal purposes. Since the discovery, the American 
petroleum industry has gone up by leaps and bounds, and 
now oil wells are met with over a fairly large extent of the 
United States — in Kentucky, New York, Michigan, Indiana, 
Tennessee, Colorado — the principal regions being Ohio and 
Pennsylvania. 

The commercial petroleum oils met with in this country 
come almost exclusively from two sources, North America 
and the Caspian Sea, and it is chiefly these oils that will be 
dealt with in this work. Brief references may, however, be 
made to other varieties of petroleum. 

Geology of Petroleum. 

Comparatively little is known concerning the conditions 
of formation and of the character of the rocks in which 
petroleum is found. In different localities even in America 
much is yet to be learnt concerning the age of the rocks and 
the manner and formation of petroleum. So far as is known 
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at the present time, petroleum is found in rocks of very 
dijBferent geological periods of time. In this respect it 
appears to differ materially from coal, which iis found only 
in rocks of the carboniferous period.. There are even 
reasons for thinking that the present deposits of petroleum 
have not been formed in sitUy but have filtered from other 
localities into the present position of the deposits. 

The general rule in Pennsylvania, New York, Ohio, 
Indiana and Canada is that they are stored in porous sand- 
stones or limestones where the rocks have been gently 
folded into anticlinal ridges, or where, if there is a small and 
general dip of the strata, the dip is for a space interrupted, 
forming a shelf of more nearly horizontal rock, after which 
the strata resume their normal gentle dip. 

If we trace out the underground range of these petro- 
leum-bearing beds beyond the areas in which they are now 
productive, we find that they rise towards the surface and 
actually crop out there, but the gas and oil which they may 
have once contained at that out-crop have long since been 
lost. Like other porous rocks in such areas, they now con- 
tain water. It is the pressure of the water from the out- 
crop and the higher areas of the porous rock acting along 
and down the dip which accounts for the pressure which is 
met with in the gas and petroleum wells within the produc- 
tive areas. When the porous bed containing gas or petro- 
leum is tapped by a borehole, the contents are forced up by 
the pressure of the water from the out-crop, and the pressure 
depends upon the relation between the level of the out-crop 
and the point at which the porous bed is tapped. In fact, 
the condition of things somewhat resembles that so well 
known in the case of artesian wells. 

Every richly productive gas field, at least in the eastern 
States and Canada, is a dome or inverted trough formed by 
flexure of the rocky strata ; and in every such dome or in- 
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verted trough there is a porous stratum (sandstone in Penn- 
sylvania and coarse-grained magnesian sandstone in Ohio 
and Indiana) overlain by impervious shales. These domes 
or arches vary in size, from a few square miles in some of the 
Pennsylvanian areas to 2600 square miles in the great Indiana 
field. Within each gas-charged dome there are found three 
or more substances arranged in the order of their weight: 
gas on the top, naphtha (if it exists on the field) and petro- 
leum below, and finally water, which is generally salt, and 
which sometimes has a strong and peculiar bitter taste. This 
order is invariable throughout each field, whatever its area, 
although in Indiana at least the oils are found more abun- 
dantly about the springing of each arch, while towards its 
crown gas immediately overlies brine, and the absolute alti- 
tude of the summit-level of each substance is generally uni- 
form, whatever the depth beneath the surface. Since the 
volume of gas or oil accumulated in any field evidently de- 
pends on the area and height of the dome in which it is 
confined, and upon the porosity and thickness of rock in 
which it is contained, the productiveness of a given find may 
be definitely predicted after the structure and texture of the 
rocks have been ascertained. 

In all productive fields the gas and oil are confined under 
greater or less pressure. When a gas well is closed, it is 
commonly found that the pressure at the well head gradually 
increases through a period varying from a few seconds in the 
largest wells to several minutes or even hours in wells of 
feeble flow, and after that the pressure gauge becomes sta- 
tionary. This is the confined pressure, '* closed pressure,*' 
or **rock pressure'' of the prospector, or more properly the 
static pressure. When a well is open and the gas escapes 
freely into the air, it is found that if the stem of a mercurial 
or steam gauge is introduced a certain constant pressure is 
indicated. This is the *' open pressure " or " flow pressure " 
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of the gas expert, and the capacity of the well may be de- 
termined from it. The static pressure varies in different 
fields. In Indiana it ranges from 300 to 350 lb. per square 
inch, in the Findlay field it is from 450 to 500 lb., and in 
the Pennsylvania field it varies from 500 to 900 lb. 

The cause of this enormous pressure is readily seen in 
Indiana. The Cincinnati arch (in which the gas of the great 
Indiana field is accumulated) is substantially a dome, about 
50 miles across, rising in the centre of a stratigraphic basin 
fully 500 miles in average diameter. Throughout this im- 
mense basin the waters falUng on the surface are in part 
absorbed into the rocks and conveyed towards its centre, 
where a strong artesian flow of water would prevail were the 
difference in altitude greater; and the light hydrocarbons 
floating upon the surface of this ground water are driven into 
the dome and there subjected to hydrostatic pressure equal 
to the weight of a column of water, whose height is the 
difference in altitude between the water surface within the 
dome and the land surface of the catchment area about the 
rim of the enclosing basin. Accordingly the static pressure 
is independent of the absolute altitude of the gas rock and of 
its depth beneath the surface, except in so far as these are 
involved in the relative altitudes of the gas rock and a catch- 
ment area perhaps scores or even hundreds of miles distant. 
Gas pressure and oil pressure may therefore be estimated in 
any given case as readily and reliably as artesian water 
pressure ; but while the water pressure is measured approxi- 
mately by the difference in altitude between catchment area 
and well head, that of gas is measured approximately by the 
difference in altitude between catchment area and gas rock, 
and that of oil is measured by the same difference minus the 
weight of a column of oil equal to the depth of the welL 
It follows that the static pressure of gas (as indicated on the 
surface) is always greater than that of oil, particularly in 
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deep wells. It follows also that the pressure, whether of gas 
or of oil, is not only constant throughout each field, but 
diminishes but slightly, if at all, on the tapping of the reser- 
voir, until the supply is exhausted, and hence that pressure 
is no indication of either abundance or permanence of 
supply. 

The early history of Canadian petroleum is of some 
interest to us, inasmuch as Dr. T. Sterry Hunt, who has 
studied the subject, was perhaps the first geologist who 
clearly understood the true geological history of American 
petroleum. He showed (1) that the oil was produced in or 
near to the beds in which it is found by the decomposition 
of the vegetable or animal remains ; (2) that the porosity of 
the sandstones or limestones is sufficient to account for the 
great stores of petroleum which they contain ; (3) that petro- 
leum and gas mainly occur along anticlinal lines. 

The comparatively simple structure of the petroleum 
region here described does not obtain all over the world. 
Often the strata in which oil occurs dip at right angles, or 
they have been very sharply folded and broken, the denuded 
edges of the petroleum-bearing bed being exposed at the 
surface. In such cases the yield of wells is comparatively 
small, there being little or no artesian pressure to force up 
the oil. Such regions rarely now contain much gas. 

Although there is much variety of geological structure 
in the petroleum-bearing regions, we find that there is 
frequently an anticlinal arrangement of the strata, the oil 
coming up along the arch. 

The following is a synopsis of the different shales and 
rocks which furnish the oil supply of North America : — 

1. The black shales of the Cincinnati group afford oil 
which accumulates in the fissured stony limestones of the 
same group, and supplies the Burkesville region of Southern 
Kentucky and Manitoulin Island, in Lake Huron. 
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2. The Marcellus shale affords most of the petroleum 
which accumulates in the fissured shaly limestones of the 
Hamilton group, and thus supplies the Ontario oil region, 
locally divided into the Bothwell District, the Oil Springs 
District, and the Petrolea District. The Marcellus shale also 
affords a large portion of the oil which accumulates in the 
drift gravel of the Ontario region. 

3. The Gennessee shale, with perhaps some contributions 
from the Marcellus shale, affords oil which accumulates in 
cavities and fissures within itself in some of the Glasgow 
regions of Southern Kentucky. It affords also the oil which 
accumulates in the sandstones of the Portage and Chemung 
groups in North-western Pennsylvania and contiguous parts 
of Ohio. It affords also the oil which accumulates in the 
sandstones of the Waverly Marshall group in Central Ohio. 
It affords also that which accumulates in the mountain lime- 
stone of the Glasgow region of Kentucky and contiguous 
parts of Tennessee, and also some of that which is. found in 
the drift gravel of the Ontario region. 

4. The shaly coals of the false coal measures, aided per- 
haps by the Gennessee and Marcellus shales, seem to afford 
the oil which assembles in the coal conglomerate, as worked 
in South-western Pennsylvania, West Virginia, Southern 
Ohio, and the contiguous but comparatively barren region of 
Paint Creek in Kentucky. 

From this summary it appears that the principal sup- 
plies of petroleum east of the Eocky Mountains have been 
generated in four different formations, accumulated in nine 
different formations, and worked in nine different dis- 
tricts. 

The oil rocks of America belong chiefly to two periods — 
Devonian and Silurian — but some belong to the Cretaceous 
period. 

In Canada the Corniferous Limestone of the Lower De- 
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vonian period is the source of the greatest proportion of the 
oil of Canadian origin. 

In Egypt, petroleum is found at Jebel Zeit, on the western 
border of the Eed Sea, on Tertiary strata, dipping from the 
range of older rocks which form the high ground of the 
desert. 

In India, petroleum is found in the Middle or Lower Ter- 
tiary rock along the flanks of the Himalayas. 

In Burmah, the oil is found in the Upper Tertiary Strata 
in soft sandy beds and covered by a blue clay situated on 
the top of an anticline. 

The Baku District of the Caucasus is notable for its pro- 
ductiveness, and the rocks yielding the petroleum are found 
as the crown of the low anticlinal, which is probably the 
eastern continuation of the great Caucasian anticlinal. 

The oil is found in various layers of sand, separated by 
clay, etc. The surface is occupied by loose sand, while the 
rocks below belong to the Later Tertiary period, while lower 
still the rocks belong to the Cretaceous and Jurassic ages. 

In Eoumania, petroleum oil is found in the clays and 
sandstones of the ** Paludine beds" of the Miocene age. 

In Galicia, petroleum is found in the rocks of the Lower 
Eocene age and also in smaller quantity in the Upper Creta^ 
ceous rocks. The rocks are slightly inclined, the oil being 
chiefly found along anticlinals. 

In Hanover and other parts of Germany, petroleum occurs 
in the Gault beds of the Jurassic period and also in rocks of 
the Triassic age. 

Origin of Petroleum. 

Many theories have been put forward to account for the 
existence and formation of petroleum. Of these but a brief 
notice will be given. 

Some geologists consider that it has been formed from 
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deposits of sea-weeds, arguing from the fact that it is often 
found in limestone rocks, which contain the remains of 
ocean life. From the marine plants the petroleum has been 
formed much in the same way as coal has been formed from 
the remains of land plants. 

Berthelot has promulgated a very different theory. He 
considers, that in the interior of the earth alkali metals are 
present in the free condition ; these acted on by carbonic 
acid give rise to acetyledes, which when subjected to the 
action of water give rise to the formation of hydrocarbons. 
The objection to this theory is that geologists do not find 
the conditions required by M. Berthelot to be present in the 
oil regions. 

Hofer has put forward the theory that petroleum is 
formed by the decomposition of animal remains. Engler 
has lately shown that from animal fats, free from nitrogen, 
petroleum can be obtained. He also points out that the 
absence of nitrogenous products from petroleum is an argu- 
ment in favour of the theory, because the nitrogen would 
yield products which are insoluble and would be washed away, 
while the non-nitrogenous fatty portions are much more 
stable bodies. It may be pointed out that the gases that are 
found present in all oil regions contain large quantities -of 
nitrogen with very little oxygen; this nitrogen may have 
been formed by the decomposition of animal matter in a 
peculiar manner. This theory of the origin of petroleum 
seems to be far the most reasonable. 

Chemistry of Petroleum. 

Petroleum is essentially a hydrocarbon body of a most 
complex composition, which varieis very greatly in the petro- 
leums obtained from various localities. 

While carbon and hydrogen are the essential constitu- 
ents, other elements are often present; those which are 
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most commonly present being nitrogen, oxygen, and sulphur, 
while gold and arsenic have been found in small quantities. 

The presence of sulphur beyond a small percentage is a 
serious disadvantage, owing to a decomposing action it has 
on the petroleum, giving rise to the formation of objection- 
able products which increase the cost of refining very greatly. 
The petroleums from the Lima, Ohio, field, from Canada 
and California, are notable on account of the sulphur they 
contain. 

Schorlemmer in England, and Cahours in France, have 
analysed American petroleum. The results obtained by 
Schorlemmer indicated the presence of the same hydrocar- 
bons which are obtained by the distillation of the cannel coal, 
while Pelouze and Cahours showed that the distillates were 
all homologues of methane, or marsh gas, and belong to 
the series of hydrocarbons represented by the formula 

CnHgn + 2' 

Pelouze and Cahours obtained from American petroleum 
the following compounds : — 



0,H, . 






. Gas 






C,H, . 






»» 




C«H,o . 






. Specific Gravity, -600 




C»H„ . 






„ „ -628 




C,H,4 . 






»» 


„ -669 




G,H„ . . 






ti 


•699, Boiling 


Point, 92° C 


(Wi. . 






»» 


. -726, „ 


» 116 


OAo . ■ 






»» » 


, -741. „ 


„ 186 


C,Ai • . 






»» 1 


, -767, „ 


„ 160 


C„H^ . 






)) 


, -766, „ 


„ 180 


C.A. • • 






»i * 


, -776. „ 


„ 200 


0„H„ . . 






»» 1 


•792, „ 


M 218 



Mabery ("Journal of the Society of Chemical Industry,** 
1900, p. 502) has isolated from Pennsylvania petroleum the 
following hydrocarbons : — 
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CigHag . . . . • . . . Boiling Point, 226*'-226°' C. 

C,4H5o „ „ 237°-238°C. 

C15H32 n „ 266°.257°C. 

C16H34 ,, „ 274*-275°C. 

C17H36 » M 288°-289°C. 

OigHjg , „ 30(y>-3orc. 

0«H44 
C«sH48 



From California petroleum Mabery has separated out the 
naphthenes : — 



C7H14 

CiaH24 
O14H28 



Boiling Point, 96°-97° C. 

118°.119° 0. 
136° C. 
162° C. 
196° C. 
216° C. 



which show that this petroleum resembles Eussian rather 
than Pennsylvanian petroleum in its composition. 

About the same time that Cahours' investigations were 
being made in France, Mr. C. M. Warren was making an 
exhaustive examination in America. In some respects they 
were confirmatory. He discovered the same compounds 
belonging to the CnHgn+a series. In all he succeeded in 
isolating fourteen different compounds in considerable 
quantities, sufl&ciently pure to allow of the separate dis* 
tillation of them without any material change in the 
boiling point. These fourteen compounds he classifies as 
follows : — 
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First Series. 


Second Series. 


Third Series. 


Formiila. 


Boiling Point 


Formula. 

- 


Boiling Point. 


Formula. 


Boiling Point. 




°C. 


°0. 




"0. 


G4H,o 


— 


C4H10 


8-9 


^ioH» 


174-9 


C»H,, 


30-2 


OsHja 


37-0 


CiiH„ 


186-8 


CeHj, 


61-3 


OeHu 


68-6 


^12^24 


216-2 


CvHia 


90-4 


CvHie 


981 






CsHis 


119-6 


^8^18 


127-6 






C9H« 


150-8 











It will be noticed that the compounds included in the 
third series do not belong to the normal paraffin series 
represented by the formula CnH2n+2» but to another group 
of hydrocarbons represented by the formula C„H2n. This 
is known as the ethene series or olefins. 

Messrs. Warren and Storer have also ej^amined Eangoon 
petroleum, in which they discovered a number of compounds 
of the olefin series. The following is a list* of the com- 
pounds with their respective formulae and boiling points 
obtained from Eangoon petroleum : — 

Ruthylene, CjoHao Boiling Point, 175° 0. 

Margarylene, CnHs, „ „ 195 

Laurylene, Ci^'H^ „ „ 215 

Cocinylene, C,sHae „ „ 235 

Naphthalene, CjoHg ..... „ „ — 

Also probably pelargonene (CgHig), boiling at 155°, and 
members of one or both the series of hydrocarbons (paraffins 
and olefins) that petroleum contains, hydrocarbons of more 
than one series. The American variety is almost entirely 
composed of the series represented by formula CnH2n+2, 
while the Eangoon, the Caucasian, and Galician varieties 
contain both series ; the olefins in notable quantity. As we 
approach the denser constituents of petroleum, the analysis 
becomes more difficult, and the divergency between the re- 
sults of different observers is more apparent. It is now 
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thought that paraflSn, which was supposed to be a homo- 
geneous body, is a mixture of several homologues, perhaps 
isomeric bodies having similar properties, but different boil- 
ing points. 

Professor Henry Morton, of the Stevens Institute of 
Technology, has made some interesting experiments upon 
the ** residuum ** of the distillation of petroleum. Among 
other substances he isolated a compound to which he gave 
the name of ** viridine *'. He thus speaks of it in his paper: 
*' The. crude tarry matter is well washed with benzine (pe- 
troleum naphtha), then with alcohol, and is lastly dissolved 
in coal tar naphtha (benzole), filtered hot and crystallized 
out on cooling. It is then obtained as a mass of very minute 
needle-like crystals of a greenish-yellow colour and pearly 
lustre in the mass. This I described under the name of 
viridine in a paper read before the American Institute in 
New York, and drew attention to the remarkable spectrum 
which its fluorescent light yielded, and which resembled in a 
striking manner that of anthracene, while the crystalline 
forms, solubility, and fusing points of the two bodies were 
decidedly unlike.'' Professor Morton also expresses his 
belief that the substance does not ** exist ready formed in the 
petroleum, or even in the petroleum tar, but is, like anthra- 
cene, for example, a product of destructive distillation at 
something like red heat '*. 

Eussian petroleum differs markedly from American petro- 
leum in its chemical composition. It contains a few of the 
lower paraflSn hydrocarbons, no solid paraffins, no olefins. 
The characteristic hydrocarbons of Bussian petroleum be- 
long to a series which are isomeric with the olefins, and 
having the same general formula, but differing in their con- 
stitution and properties. These have been named the naph- 
thenes. They are allied to some extent with the hydrocar- 
bons of coal tar. The lowest member of the series is the 
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hexanaphthene, C6H12, which may be regarded as hexa- 
hydrobenzene. The following table gives the naphthenes 
that are already known : — 



Table of Naphthenes. 



Formula. 


Formation and Occmrence. 


B.P. °C. Spec. Gravity. 


CeH„ 


Hexahydrobenzene . . . . 
Russian Naphtha 


69 


•7539 


O7H14 


'Hexahydrotoluene . . . . 
Russian Naphtha . . . . 
Distilling Rosin . . . . 


97 
^ 95-98 


•772 
•742 


OsH^e 


[ Hexahydroxylene 
Russian Naphtha 
I Rosin Spirit .... 


116-120 
122-124 
120-123 


•777 

•7886 

•764 


r Hexahydromesity lene 
p -rj 1 Hexahydropseadocumene 
W^i8 i Russian Naphtha . 

tHexahydropropylbenzene 


136-138 
135-138 
135-136 
140-142 


•7812 
•7808 
•7811 


CioHao 


DodekahydroDaphthalene 

Naphtha 

Naphtha 

From Menthene 

„ Terp.ene Hydrate . 

„ Camphor 
Tetrahydroterpene . 


153-158 
160-162 
168-170 
168-170 
168-170 
167-169 
162-167 


•808 
•7808 
•814 
•797 
•797 
•8114 
•806 


C11H22 


From Naphtha 


179-181 


•8019 


OiaHa4 


>» * ...... 


197 


•8120 


O14H28 


ii n • • • • 


240-241 


•8215 


CwHjo 


»» »»••••• 


246-248 


•821 


Mabery (" « 


Fournal of the Society of Chemical Ir 


idustry," 1900 


p. 503) has 


isolated naphth 


enes from Californian petroleum (se( 


3 p. 86). 





The characteristic features have already been described. 
See pp. 22; 23. 

The properties and constituents of crude petroleum vary 
very considerably. Some are almost colourless, limpid liquids 
of low specific gravities ; others are heavy, dark-looking oils, 
while the crude ozokerite represents the extreme end of the 
scale by being a dark solid body. Variations are even met 
with in contiguous or adjacent wells — especially is this the 
case in the Caucasian oil fields. 

Commercial petroleum oil is refined into four chief pro- 
ducts : — 
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1 . Naphthas, light limpid liquids, used chiefly as solvents 
for various purposes. 

2. Burning oils, liquids varying in specific gravity from 
0*805 to 0*830, used for illuminating purposes. 

3. Lubricating oils of various grades. 

4. Solid parafl&ns largely employed in candle-making. 
The proportion of these various groups, obtained from the 
crude material, varies v^ith different varieties of petroleum. 

The following details concerning the appearance and com- 
position of various petroleums are of interest : — 

Composition of Gbudb Petbolbum. 

1. Bangoon Oil. Speoific Gravity, 0*885. 

Illuminating oil— Specific gravity, 0*880 . . 40*705 per cent. 

Lubricating oil 40*999 „ 

Paraffin M.P., 60° C 6-071 

Tar 4*606 

Gas, and loss 7*62 „ 

2. Enniskillen. Canada. Dark Brown. 

Naphtha — Specific gravity, 0*794 ..... 20 per cent. 

Illuminating oil, 0-887 50 „ 

Lubricating oil and paraffin 22 „ 

Tar 5 „ 

Oarbon 1 *> 

Loss 2 ,, 

3. California. Blackish. Specific Gravity, 0-927. 

Illuminating oil, 0*813 38 per cent. 

Lubricating oil, 0-921 48 „ 

Pitch 10 „ 

Water 4 „ 

4. Barbadoes Tar. 

Water . . * 5 per cent. 

Crude oil, 0*912 50 „ 

Gave 80 per cent of pale sweet oil, 0*908. 

Crude oil, 0*927 40 „ 

Gave 60 per cent dark oil, 0*918. 

Coke 5 „ 
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5. Pennsylvania. 

Naphtha, 0-735 
Burning, 820 
-Lubricating oil 
Paraflan . 
Coke . 
Loss . 



Dark greenish, strong but not unpleasant odour. 
Specific Gravity, 0-802. 

14*7 per cent. 

41-0 „ 



39-4 
2-0 
2-1 
0-8 



6. Canada. Dark brown, odour strong alliaceous. Specific Gravity, 0*828. 



Naphtha, 0-736 
Burning, 0820 
Lubricating oil 
Paraffin . 
Coke . 
Loss . 



12-5 per cent. 

36-8 

43-7 

3-0 

3-2 

1-8 



7. Tarentum, Pennsylvania. Dark greenish, faint pleasant odour. 
Specific Gravity 0-820. 

Naphtha, 0-723 . 4-8 per cent. 

Burning, 0-820 44-2 „ 

Lubricating oil 45-7 „ 

Paraffin . . 27 „ 

Coke 2-2 „ 

Loss 0-9 „ 

6. Argentine. Jujuy Lake, 88 acres. Liquid, thick, black, no disagreeable 

odour. 



Naphtha, 150° C, 0-740 
Kerosene, 280° C, 0-830 
Heavy oils, 900 
Coke .... 



16 per cent. 
34 „ 
30 „ 
10 ., 



The following table also shows the difference in composi- 
tion of various petroleums in another form. The portion 
distilling below 150° 0. may be classed as ** naphtha/' that 
between 150° C. and 300° C. as "burning oil/' that over as 
*** lubricating oil ". 
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LUBRICATING OILS. 
Composition op Crude Petroleums. 



District, Colour, Specific Gravity. 


Commence 
toboU 
0° C. 


Up to 160° 

percent 

of vol. 


160° to 
300° C. 


Over 
300° C. 


Pennsylvania, 0-8175 


82*0 


21*0 


38-25 


40-75 


Pennsylvania, 0*8010 


74*0 


316 


36-0 


33-6 


Galicia (Sloboda), 0-8236 . 


90*0 


26*6 


47*0 


26*6 


Galicia (Klanczany), 189 meters, 










light colour; transparent, 0*779, 










containing paraffin 


— 


43*5 


33*5 


22*86 


Galicia (Klanczany), 57 meters, dark 










colour ; opaque, 0*870, no paraffin 


— 


3*4 


38*6 


64*5 


Baku (Bibreybat), 0-889 . 


91*0 


23*0 


38*0 


390 


Baku (Balakhan), 0*871 . 


1060 


86-0 


39-5 


52*0 


Alsace (Pechtlbrunn), 0*9076 . 


136^ 


3*0 


60*0 


47-0 


Hanover (Olhheim), 0*899 

Baku (Surukhanch), 0*780, amber 


170*0 


— 


32*0 


680 










colour 


— 


50*0 


450 





Baku (Ilsky), 0*863 .... 


— 


20*0 


40-0 


30-0 



Extraction of Petroleum. 

Although petroleum makes its appearance here and there 
on the surface, yet such surface deposits are of very small 
extent, and do not count for much in the world's production 
of this valuable article. The petroleum of commerce is ob- 
tained from a kind of artesian well, bored down to the rocky 
layers in which the petroleum is stored. When the petroleum 
well, as it is called, is to be dug, a pyramidical frame of wood 
of suitable height is built over the side of the well; this is 
termed the ** derrick" (see Figure 18), and its object is to 
support the boring tools and the machinery for boring the well. 
The well is drilled by suitable boring tools, and as the boring 
progresses an iron tube is sent down into the well, and it is 
through this iron tube that the petroleum flows out (see 
Figure 19). Very often the force in which petroleum is 
stored in the oil sands and rocks is so great as to cause the 
oil to flow out of the tube and often rise to a very consider- 
able height above the surface of the ground. Cases are on 
record both in America and Bussia where the force has been 
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SO great that it has been found almost impossible to control 
it, and vast quantities of petroleum have been run to waste. 




Fig. 18. Oil Well Derrick. 



Accompanying the flow of oil, there is always a large quantitjr 
of gas, some water and loose sand, for usually the deposits 

or rocks in which the oil is found are of a loose sandy nature- 

7 
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The crude oil as it comes from the well is run into large 
storage tanks, and from thence it is sent to the refiners either 
by means of wagons or by means of pipe lines.^ 

I Eefining of Petroleum Oils. 

Crude petroleum is a most complex sub- 
stance. It contains the whole range of 
paraffin hydrocarbons, from liquid to solid, 
olefins, various basic bodies, and in some 
cases sulphur compounds. The process of 
refining aims at getting rid of the oxygen 
compounds, all the basic compounds and 
the sulphur compounds, and obtaining the 
paraffin and olefin hydrocarbons in the 
finished products. The process adopted is 
_ ^^^ essentially one of distillation, accompanied 
^^1 I^J; by certain chemical treatments designed to 
^ rid the paraffin of the undesirable products. 
The principles of refining petroleum are 
practically identical with those of refining 
the Scotch shale oils. The plant used is 
very similar in constitution and much of it 
is identical, therefore it will not be necessary 
to describe it all in detail. 

The exact details of the methods fol- 
lowed depend largely on the character of 
the products desired to be obtained from the 
petroleum, and also upon the kind of 
■petroleum being treated. Thus, while in 
the main the general principles of refining American and 
Russian petroleum are identical, the details are varied to 
^uit the difference in the composition of the raw material ; 

^In ** Technology of Petroleum," byNeuburger and Noalhat, will be found 
Texy lull details of the oil fields of the world and the methods of raising petroleum. 



H^Tf 




FiQ. 19. Oil Well. 
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then again, there are some diflferences in the mode of treating 
American petroleum, according to the character of the pro- 
ducts to be obtained from it. 

Eefining Ameeican Peteoleum. 

There are two methods followed in refining American 
petroleum, according as to whether or not it is intended to 
make cylinder oils and vaseline from it. To some extent the 
refiner is guided by the quality of his crude product. Thus 
some petroleums are better adapted for producing cylinder 
oils than others ; this is notably the case with the oils from 
T^ranklin and^ Lima, and usually such crude oils are reserved 
ior the manufacture of cylinder oils and vaseline. 

Sometimes the refiners of crude petroleum only carry on 
the refining to a certain extent, leaving others to work be- 
yond that point. This was much more common in the early 
days than it is now. The custom has gradually come about 
•of the refining being conducted in very large works, capable 
of dealing with it in every point. Comparatively speaking, 
petroleum is divided into five different products : — 

1. Light liquids and naphthas. 

2. Kerosene and burning oils. 

3. Lubricating oils. 

4. Paraffin wax. 

5. Coke. 

The process of refining for obtaining these products is 
the following : The crude oil as it is received from the wells 
ox pipe lines is run into large tanks, where it is kept warm 
by means of steam pipes, and allowed to stand for some time 
to bring off dirt and allow solid matter to settle out. The oil 
is then run into the still and subjected to distillation. The 
construction of the petroleum oil still varies somewhat 
both in its shape, mode of setting, and method of working and 
size. 



Digitized by VjOOQIC 



100 



LUBEICATING OILS. 



The Stills. 
The two forms of stills, now almost universally used in 
America, are known respectively as the ** cheese-box '* and 
the ** cylinder still". Advantages are claimed for both. 
The cylinder oil still is perhaps the most ecoi^omical of fuel, 
and is more easily kept in repair, while the advantages 





50'0 



'i//^fJiLi/t/'^f/t'^^''4f'^^^f'^^J^/fff/'V^/^^f^ 



GROUND LrygL 



FiQ. 20. Cylinder Petroleum Oil Still. 

claimed for the cheese-box over the cylinder still are lighter 
gravity, better colour of distillates, and a larger yield of il- 
luminating oil. The excessive cost of repairs in the brick- 
work and bottoms is a strong inducement to the refiner to 
adopt stills of the cylinder pattern, and the former are being 
torn down and replaced by the latter. Cylinder stills rarely 
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exceed a capacity of 600 barrels, while some cheese-box stills 
have been built to contain 3500 barrels. 

The Cylinder Still. 

The cylinder still is represented in Figure 20. They are 
frequently set in banks of two or more, there being consider- 
able economy in thus placing them. They are 12 feet 6 
inches in diameter and 30 feet in length. The capacity of 
this still is 600 barrels. A drum-shaped dome is usually 
placed in the centre of the top of the still, from which pro- 
ceeds a 15-inch wrought iron pipe, connecting it with the 
condensing apparatus to be described farther on. It will be 
noticed that the brickwork only extends to the centre of the 
still, the upper half being left wholly uncovered, or covered 
with a sheathing" of thin sheet iron. This arrangement of the 
brickwork admits of the modern method of distillation being 
carried on, in which the process of ''cracking,*' is an import- 
ant feature. 

The Cheese-box Still. 

This still is shown by Figures 21 and 22. It is 30 feet 
in diameter and 10 feet in height. It is supported by circular 
brickwork in which are built seventeen fireplaces, all com- 
municating with a central flue. The bottom has a double 
curvature. The discharge pipe of the still enters on the side. 
On the inside is a swing joint suspended by a chain wound 
round a shaft which is operated from the outside of the still. 
By revolving the shaft the pipe can either be raised or lowered 
to the bottom of the still. From the top of this projects 
three pipes, each connecting with a drum stretching across 
the whole diameter of the still. From this drum proceed 
forty 3-inch pipes leading into the condensing tanks. In 
some stills of both patterns, at the point where the vapours 
pass into the drums, a perforated steam pipe is placed. This 
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is ODiy employed during the '* cracking '' process, and i& 
thought to greatly improve the quality of the oils, both in 
respect to colour and gravity, although the arrangement is 
not to be found in many refineries. 

Both forms of these stills are provided vsrith manholes, for 
the double purpose of allowing the workmen to enter and clean 




Fig. 21. Cheese-box Oil Still. 

them, and occasionally to inspect their condition. One is 
placed upon the top of the still, a second near the bottom 
plate, which allows the refuse coke to be conveniently thrown 
out. The covers to these are generally fastened in their 
places by means of screw bolts and nuts. Many of the most 
expert and careful refiners use pyrometers in their stills ; they 
are often of great assistance both to the firemen and the 
distiller. The large size stills are built of the best quality of 
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boiler iron, of f or xV inch thickness securely caulked. The 
bottoms are of steel of the same thickness. The in- 
creased expense in the use of steel for the bottoms is 
more than compensated for by their greater durability and 
safety. 




Fig. 22. Cheese-box Petroleum Oil Still. 

Both forms of stills are usually provided with steam 
pipes, both closed and perforated. The steam issuing in 
jets from the perforated pipe has been found to facilitate 
distillation by carrying over mechanically the oil vapours. 
Methods of continuous distillation, such as have been de- 
scribed on pages 59-61 as used in the shale oil industry, have 
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been tried for the distillation of petroleum, but have not 
come into much use. 

The distillation of petroleum is a fractional one, but the 
number of the fractions which are produced varies somewhat 
according to the character of the products which it is desired 
to produce, and often to the local circumstances of the 
refiner, and the kind of products which he can sell best. As 
stated previously, in some cases the refiner only carries on 
the distillation to a particular point, leaving to others the 
further treatment. 

The simplest process of oil refining consists in the frac- 
tionation into three products — first, naphtha; second, kero- 
sene; third, residuum. The petroleum is distilled by fire 
heat, or by the combined aid of fire heat and superheated 
steam. 

The first distillate to come over is the naphtha or benzene. 
From time to time the specific gravity is ascertained, and 
when that has reached 0760 to 0*780 the current of the 
distillate is changed, and now flows into the oil tank, for 
what now comes over is classed as kerosene or burning oil. 

The quantity of this or the extent to which the distilla- 
tion is carried varies with different refiners, but the distilla- 
tion is usually stopped when the specific gravity of the 
distillate reaches 0*84 to 0*85, although sometimes lighter 
distillates are collected. What remains behind in the still is 
a thick, tarry mass, commonly known as ''residuum'*. 
This is subsequently treated for lubricating oils. 

The vapours of the distillates as they pass over from the 
stills are passed through a condensing arrangement, which 
usually takes the form of a worm pipe placed in a large tank, 
through which cold water is allowed to flow. This arrange- 
ment is shown in Figure 23 attached to a cylinder still. This 
condensing arrangement is found to work exceedingly well. 
For the lighter products it is sufficient to keep a flow of cold 
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water through the tank round the worm ; for the intermedi- 
ate products water is not necessary, while for the heavier 
products obtained from the residuum, it is occasionally neces- 
sary to run hot water through the tank, with the object of 
preventing the solidification of the paraflSn in the worm. 

To separate the various fractions as they flow from the 
condenser an ingenious arrangement known as the monitor, 
shown in Figures 24 and 25, is used. As will be seen from 
the drawings, this consists of a circular vessel, into the bottom 
of which is fitted a number of exit pipes which communicate 




Fig. 23. StiiiL and Condenser. 

with the different tanks in which the distillates are collected. 
Near the top is the pipe through which the products flow 
from the condenser. Inside this vessel is another which is 
made to revolve round a central spindle by means of a lever 
placed on the outside of the monitor, as shown. In this 
inside vessel there is a single aperture which can be brought 
in turn over the exit pipes in the bottom of the outer vessel. 
The distillates flow into the inner vessel and thence out of 
the aperture into the exit pipe over which^ the aperture may 
be placed. When the direction of the flow is required to be 
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changed, it suflSces to turn the inner vessel round until the 
aperture is over the pipe communicating with the proper 
vessel. The top of the monitor is covered in with a cover 
containing glazed openings to see how much to turn the 
inner vessel to send the current of distillate in the proper 
direction. 

Sometimes the fractionation is carried on to a much 




Fig. 24. Monitor or Oil Separator. 

greater extent than in the above scheme, and the following 
distillates are obtained : — 

1. Light naphtha having the specific gravity of 0*705 to 
0*710. This is subsequently refined into a number of pro- 
ducts, such as cymogen, rhigolene, gasoline, light and heavy 
naphthas. 

2. Heavy naphtha having a specific gravity from 0*705 to 
0*744, which also is subsequently refined into naphthas and 
benzenes. 
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3. Extra heavy naphtha, the portion of the distillate rang> 
ing from 0*744 to 0-765. Used for a variety of purposes. 

4. Water-white oil. Eange, 0*765 to 0*795. Eefined 
into burning oils. 

5. Distillates from 0*795 to 0825 used in preparing high, 
flash-point burning oils. 

6. The distillate from 0*825, until it becomes brown, is^ 
used as gas oils. 

7. Residuum. 




Fig. 25. Monitop, or Oil Separator. 

The yield of products from the petroleum depends practi- 
cally upon the composition of the crude oil, but it also de- 
pends upon the manner of distilling. If the distillation is 
carried on rapidly, it is found that the proportion of distillates 
is small, and that of the residuum large. On the other hand,, 
if the still is built tall, and the distillation is carried on 
slowly, then the proportion of residuum is decreased, while 
that of the distillate is increased. This is due to a phenome- 
non which is named ''cracking,'* and was accidentally dis- 
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covered^ It is due to the heat decomposing the heavier 
hydrocarbons, and forming in consequence lighter distillates. 
When the refiner desires to have a large yield of naphtha and 
burning oils, he usually carries on the operation in such a 
manner as to bring about this phenomenon of cracking. If, 
on the other hand, it is desired to have a large yield of lubri- 
cating oils and paraffin wax, then the cracking is avoided as 
far as possible. The average yields from petroleum are as 
follows : — 

Naphtha, 15 to 16 per cent ; 

Burning oil, 55 per cent ; 

Lubricating oil, 17 to 18 per cent ; 

Paraffin wax, 2 to 3 per cent ; 
while there is some loss in the shape of uncondensed gas and 
■coke. 

The naphthas and burning oils are refined by treating 
them with sulphuric acid, caustic soda, and redistillation. 
The products which are obtained are : — 

Cymogen, a very light product, having a specific gravity 
of 0'590, which is used chiefly as an anaesthetic. 

Ehigolene, which has a specific gravity of 0*625, boiling 
at about 65° F., is exceedingly volatile, and is used in ice- 
making machines and as an anaesthetic. 

Gasoline, having a specific gravity of 0*665, used chiefly 
for carburetting gas. 

Naphtha or benzoline, having a specific gravity of 0*706, 
used as a solvent. 

Benzene, having a gravity of 0*737, also used as a solvent 
in making varnishes and paints. 

Kerosine is refined into burning oils of various grades. 

Teeatment of Eesiduum. 

This is treated in various ways at different works, but 
the following outline will show the main lines on which it is 
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treated. The residuum is first of all run into a large tank 
warmed by means of steam so as to make it fluid, then run 
into a still in which it is heated by fire heat alone, or in 
some cases fire heat accompanied by superheated steam. 
The whole is distilled, the distillate being condensed by means 
of a worm condenser, care being taken in the later periods to 
avoid the formation in the condensing worm of solid paraffin. 
There is obtained a light distillate containing solid paraffin, 
and a residue of coke is left behind in the still. The dis- 
tilled oil is next treated with sulphuric acid and caustic soda 
in an upright iron vessel fitted with an agitator. 

The distillate after being washed with the acid and soda 
is transferred to a still, again distilled, this time usually in 
three portions : — 

1. Heavy burning oils ; 

2. Light lubricating oil and paraffin ; 

3. Heavy lubricating oil and paraffin ; 
a residue of coke remaining in the still. 

The first fraction is washed with acid and soda and 
refined into burning oils of various grades. 

The second and third fractions are first subjected to a 
refrigerating process to crystallize -out the solid paraffin wax 
they contain, which is separated by filtration, while the 
liquid oil filtrate is further treated by redistillation, pre- 
ceded by washing with acid and soda, and separated into 
lubricating oils of various grades, as follows : — 

1. 875 pale oil. 

2. 885 pale oil. 

3. 903 to 907 pale oil. 

4. 910 to 912 pale oil. 

These are those usually made, but each refiner has his 
own special grades. These oils are commonly known in 
America as "paraffin oils,*' in consequence of their being 
obtained along with paraffin with distillation. 
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The properties of these oils, gravities, viscosity, flash and 
fire tests, etc., will be described in the chapter on Oil 
Testing, while some details are given below. 

Of late years, very considerable improvements have been 
made in the method of refining, a larger yield of oils of 0*885 
to 0*910 gravity, with a lesser jrield of oils of lower and higher 
gravity, being obtained. More parafl&n wax is extracted, 
whereby an increase in the flashing point and viscosity of 
the oils is brought about. 

Natural Lubricating Oils. 

Some of the crude American petroleums, among which 
may be named those from Mecca, Ohio, Erie County, Frank- 
lin, Greensburg, Charlestown, West Virginia, Montecello, 
Kentucky, are of such quality that they may be used as 
lubricating oils with but little preparation. These oils are 
first allowed to settle in tanks, to free them from water and 
earthy impurities, when they are heated in open vessels or 
in stills by steam heat until they have lost all their lighter 
■constituents and have been brought to the required degree 
of gravity. These oils are dark in colour; sometimes, to 
reduce this somewhat, they are filtered through charcoal. 

These oils are known in this country under a variety 
of names, of which the best known are ** Summer dark " 
machinery oil, etc. 

Petroleum Cylinder Oils. 

What are known as cylinder oils are a class of oils which 
vary in consistency from viscid liquids to soft masses of a 
buttery consistency, pale brown to almost black in colour, 
now very largely used for the lubrication of steam engine 
cyhnders, and are products obtained almost exclusively from 
American petroleum. In the preparation of these oils the 
refiner has to be careful in regard to his crude material, 
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carefully selecting it, as it is not every variety of petroleum 
that yields these cylinder oils. They are produced by two 
methods. The first closely resemble^ the one described above 
for distilling petroleum. The crude petroleum is distilled as 
rapidly as possible with fire heat to get off the naphtha and 
the burning oil. When these have come off the distillation 
is aided by means of superheated steam, which carries over 
with it the heavier portion of the distillate, and at the same 
time prevents cracking, and consequently too much decom- 
position in the residual mass. When it is considered that 
the distillation is complete the residue in the still is run off, 
strained to free it from gritty matters, sometimes refrigerated 
and filtered to free it from paraffin wax, after which it is ready 
to be sent into commerce as '* dark cylinder oil'*. Another 
method which is practised is to carry on the distillation in a 
Tacuum whereby the light distillates are enabled to come 
over at a much lower temperature than under ordinary con- 
•ditions, so that there is not that decomposition of the product 
which sometimes occurs in the ordinary method of distilling. 
By a process of filtering through charcoal the colour of the 
product is greatly reduced in intensity. Such oils are known 
^s ** filtered " or " extra filtered *' oils. 

These cylinder oils vary in specific gravity from 0'888 to 
0*905 ; their flash points are usually over 500° Fahr., and they 
have a very high degree of viscosity at 100° Fahr., but become 
more fluid at higher temperatures. They appear to owe 
their consistency to the presence of uncrystallizable members 
of the paraflSn and olefin series of hydrocarbons. These have 
not been isolated. Some further details concerning these oils 
will be found in another section. 

Similar products to the cylinder oils, and practically ob- 
tained from them by repeated filtration through charcoal, 
are the bodies known as vaseline and petroleum jelly, largely 
^ised for medicinal purposes. 
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During the distillation of the cylinder oils there are ob- 
tained naphthas, burning oils, and lubricating oils. It is. 
well known that these products are somewhat different from 
the lubricating oils obtained from the ordinary method of 
distilhng residuum. They are lighter in specific gravity,, 
ranging from 0*870 to 0*905, have a higher flashing point,, 
and a higher viscosity. They are known in America as 
" neutral oils '' ; in England they are mostly used for the 
lubrication of spindles of textile spinning frames. These 
oils are known here under a variety of fancy names, the 
usual grades being 0*865, 0-872, 0*892. Details will be found 
in the chapter on Oil Testing. 

White Oils. — By taking the lighter coloured oils and re- 
peatedly filtering through charcoal the colour can be com- 
pletely eliminated, and colourless oils known in the trade as 
*' White Oils" are obtained. These have come largely inta 
use in connexion with the textile industries as lubricating 
oils, on account of the fact that they give no visible stain 
when they drop on a piece of cotton cloth, etc. Their specific 
gravity varies from 0*865 to 0*885, flash points from 290° to 
350° Fahr. Some are quite white, others have a faint cream 
tint. In the table on page 113 will be found some other 
particulars. 

EussiAN Petroleum. 

The difference in the chemical composition between 
American and Russian petroleums has already been pointed 
out. 

This difference is accompanied by some difference in pro- 
perties, which necessitates the crude Eussian petroleum being 
treated by a somewhat different process to that followed with 
American petroleum, although the principles underljdng the 
refining of the crude oils are much the same. 

The crude Russian petroleums vary very much more in 
their properties than do the American petroleums. Some 
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are light and fairly free from colour, others are heavy and of 
dark colour ; some yield a large proportion of burning oils 
and little lubricating oils, while others yield a large quantity 
of the latter product. Eussian petroleum oils are refined 
principally for the burning oils that can be prepared from 
them. Like the American product, the process of refining 
consists essentially in one of distilling with chemical treat- 
ment. The chemical treatment very often cannot be carried 
to the same extent as is done with the American petroleum, 
especially the process of operating with acid, on account of 
the fact that the naphthenes of the Eussian oil are more 
acted upon than the corresponding paraflSns and olefins of 
the American oil. The. distillation, again, cannot be carried 
on with the aid of fire heat alone, inasmuch as a considerable 
amount of decomposition occurs, which is owing to the 
vapours being heavy and tending to flow back into the still. 
The distillation is carried on by the combined aid of fire-heat 
and superheated steam, the. latter acting more or less to con- 
duct the vapours of the oil out of the still. A form of plant 
largely used in refining Eussian petroleum is shown in Figure 
26. The following is a list of the products which are ob- 
tained from Eussian petroleum : — 

1. Gasolines and naphthas. Specific gravity, 0*718 to 
0'760 ; flashing under 82° Fahr., forming about 2 per cent of 
the crude oil. 

2. Kerosine oils, ranging from 0*760 to 0*860 in gravity, 
flashing at from 82° to 136° Fahr., forming about 38 per cent of 
the crude oil, and refined into various grades of burning oils 
of excellent quality and high flashing points. 

3. Solar oils, having a gravity of 0*860 to 0*875 ; flashing 
point, 212° Fahr. ; forming ab'cJut 15 to 18 piBr cent of the 
crude oil. This is a good illuminant when present in suf- 
ficiently large quantities, but is often mixed with astatki for 
use as a fuel oil and in gas niaking. 
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4. Lubricating oils, of which usually three grades are 
prepared. 

(a) Spindle oils. Gravity, 0892 to 0896 ; flashing at 310° 
to 330° Fahr. ; forming 12 to 13 per cent of the crude oil. 
These give very good results when used for lubricating textile 
spinning spindles provided the rate of revolution is not too 
high. 




Fig. 26. Bussian Petroleum Oil Refining Plant. 

(J) Machine oils. Gravity, 0*906 to 0-908; flashing at 
about 340° to 350° Fahr. ; forming 27 to 28 per cent of the 
product. 

(c) Cylinder oils. Specific gravity, 0*911 to 0*912 ; flash- 
ing at about 390° to 400° Fahr.-; forming 4 to 5 per cent of 
the crude oil. These work well for heavy shafting and 
engine shafts, and are largely used for that purpose. 

5. Tar— -or, as it is known in Eussia, " astatki "— the 
residuum left in the still, and forming 14 to 17 per cent of 
the crude oil. This is used as a fuel, for caulking ships, for 
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briquette making, grease making, and when mixed with the 
solar oil (see No. 3) it is used for making gas and fuel 
oil. 

It is rather noticeable that there are no solid paraffins 
obtained from Eussian petroleum oils, nor are there any 
products at all resembling the American cylinder oils. On 
comparing the lubricating oils from Eussian petroleum and 
those from American petroleum and Scotch shale oil, it will 
be noticed that the Eussian oils are somewhat higher in vis- 
cosity, which however they lose more readily when heated, 
while their flash points are lower than the corresponding 
oils of the grade from the other sources. The Eussian oils 
do not deposit any solid paraffin at low temperatures, so 
that they are very suitable for use in cold places ; in colour 
they are somewhat dark, and redder than Scotch or Ameri- 
can oils, while their characteristic bloom is of a violet-blue 
tint. 

The following table gives some constants relating to the 
various grades of Eussian oils now made. The viscosities 
in the following four tables are the number of seconds of flow 
of 50 C.C. by Hurst*s viscosimeter : — 

No. 0. 

(1) (2) 

Specific gravity at 60° F 0-911 0-9077 

„ „ 212° F 9-862 0-8662 

Viscosity at 70* F 510 690 

„ „ 100° F 151 184 

„ 120°F 87 86 

„ 160° F 46 41 

„ 212° F 25 26 

Vaporizing temperature 230° F. 288° F. 

Flashpoint ••..'. . . 380° F. 386° F. 

Fire test 496° F. 500° F. 
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No. 1. 

(1) (2) 

Specific gravity at 60° F. . . . . 0-906 0-9055 

„ 212«F 0-857 0-8682 

Viscosity at 70° F 320 424 

„ 100° F, 116 103 

„ 120° F. ..... 62 50 

„ 150° F 83 29 

„ „ 212° F 22 18 

Vaporizing temperature 210° F. 213° F. 

Flash point . 364° F. 366° F. 

Fire test 470° F. 473° F. 

No. 2. 

(1) (2) 

Specific gravity at 60° F 0-890 0-8901 

„ 212° F 0-846 0-8359 

Viscosity at 70° F. 94 103 

„ 100° F .40 60 

„ 120° F 28 29 

„ 150° F 20 18 

„ 212° F 16 14 

Vaporizing temperature 195° F. 199° F. 

Flashpoint 348° F. 850° F. 

Fire test . 407° F. 410° F. 

Residuum. 

Specific gravity at 60° F 0-906 

„ 212° F 0-861 

Viscosity at 70° F. 445 

„ 100° F. ..... 130 

„ 120°F 80 

„ „ 150° F 38 

„ 180° F 26 

Light Mineral Oils are often "bodied up'* with 

alkaline soaps or metallic oleates. The ordinary soaps are 
dehydrated by air and heat, and slowly stirred into the 
mineral oils heated to 180"* or 200"* Fahr. in a steam-jacketed 
pan. If dry, the soap is completely assimilated; if still 

hydrated, the remaining water can be driven oflf by raising 
the temperature Cautiously above 212°. Four ounces of 
soap will cause 10 gallons of an ordinary 885 mineral oil to 
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gelatinize at 60" Fahr., and one pound of soap will convert the 
oil into grease. 

Aluminium oleate is the thickener most used. It is 
made by placing 112 pounds of oleic acid into a tub contain- 
ing twenty gallons of hot water, and stirring in vigorously in 
small quantities ta lye of 16J pounds, 77 per cent caustic 
soda, in ten gallons of water. On boiling this mixture, 
sodium oleate results. Into a solution of 70 pounds of 
alum in 20 gallons of water this sodium oleate is now 
poured, when aluminium oleate separates in greasy masses, 
which are skimmed ofif and freed of moisture by pressing. 
A thickening base is made by heating to 230"* Fahr. 112 
pounds of oil with 28 pounds of the aluminium oleate until 
the latter is dissolved. The viscous product thus formed is 
used for bodying other oil, the mixture being facilitated by a 
gentle heat. One-sixteenth part by weight of aluminium 
oleate will give to 885 oil the body of a 910 or 915 oil. The 
flash point is not altered at all, and the gravity very little. 

Aluminium stearate is used for the same purpose, but is 
more expensive and troublesome to make. It is prepared 
by mixing 112 pounds distilled stearine with 20 or 30 
gallons of hot water and slowly adding the lye, as before 
described. The whole is boiled to a homogeneous mass, 
adding water to give the consistency of cream and make it 
flow freely. The sodium stearate solution thus formed is 
added to 20 gallons of alum solution (as above), and the 
aluminium stearate is skimmed off as it rises and drained on 
a filter, when it is ready for use. 

Any residual water is driven off in the process of thicken- 
ing oils, and the traces of alumina and sodium sulphate 
which remain in, will precipitate to the bottom of the pan on 
standing. 

While mentioning this process of thickening or bodying- 
up mineral oils, the author does not view the practice with 
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favour ; it gives a fictitious value to the oils, for it does not 
increase the lubricating power at all. 

Dbblooming Mineral Oils. The mineral or hydro- 
carbon oils possess, as has been noted in their description, a 
peculiar bloom or fluorescence which is very persistent. For 
the purpose of admixture with animal or vegetable oils, or 
for some uses to which they are put, this bloom is undesir- 
able. To remove it various means have been tried. The 
most successful plan is to use the coal tar products, nitro- 
naphthalene, binitro-benzol, and binitro-toluol, the first and 
last being the best. The process is simple. The oil to be 
debloomed is heated to 150" Fahr. and the deblooming agent 
added, the amount ranging from J for oils with a slight 
bloom to li lb. per 100 lbs. of oil for oils with a heavy 
bloom. The nitro product dissolves in the oil and completely 
deblooms it. There is no tendency for the bloom to re- 
appear, and the process does not appear to have any material 
influence on the oil. 

World's Production op Petroleum, from Petroleum Review, 12 Maroh, 1909, 



Producing Country. 


1909. 
Tons. 


1908. 
Tons. 


1907. 
Tons. 


America . 

Russia 

Dutch Indies 

Galicia 

Roumania . 

India . 

Other countries . 

Total 


25,000,000 
7,900,000 
8,000,000 
2,150,000 
1,300,000 
780,000 
550,000 


25,700,000 
7,500,000 
2,500,000 
1,760,000 
1,150,000 
600,000 
460,000 


22,400,000 

7,680,000 

2,000,000 

1,170,000 

880,000 

560,000 

460,000 


40,680,000 


37,650,000 


35,130,000 
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CHAPTEE V. 

THE VEGETABLE AND ANIMAL OILS AND FATS. 

Section A. 

IntrodiiGtion. 

In the bodies of all animals and in some portions of plants 
there is always a certain amount of oil or fatty substances, 
which may be extracted by suitable means. The proportion 
in some cases is very large, but in others is but small. 
Many of these oily or fatty bodies are of great value in trade, 
medicine, food, etc. It is only needful to mention a few — 
butter, tallow, olive oil, lard, sesame oil, almond oil — that 
are used for some such purposes as are here mentioned. 
The number of these bodies which are known is very great. 
Some are used solely for food purposes — butter, lard ; others 
are used in medicine only — almond oil, cacao butter ; some 
may be employed for many purposes — olive oil, palm oil, 
tallow, etc. To deal with all the animal and vegetable fats 
and oils is beyond the scope of this book. Here will be par- 
ticularly described only those which are or have been used 
for lubricating machinery and in the preparation of lubricat- 
ing greases and compounds. In dealing generally with the 
chemical composition and properties of the oils arid fats^ 
others may be incidentally referred to. 

(120) 
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Section B. 
Chemical Composition of Fats and Oils. 

Some of the common properties of the oils and fats have 
been pointed out in the introductory chapter, page 2. The oils 
and fats now under consideration are a group of bodies which, 
notwithstanding their diversity of origin, are very closely re- 
lated to one another. From a chemical point of view there 
is essentially no point of difference between an oil and a fat. 
In ordinary colloquial talk a fat is a body which at the ordin- 
ary temperature is a solid body like butter, while an oil is a 
liquid like sperm oil. But whether such a body is an oil or a 
fat is a question purely of temperature. Thus it happens that 
in cold or temperate countries like England butter and coco- 
nut oil are fats, e.g. solid bodies ; while in hot countries like 
India and Ceylon they are oils, i.e. liquids. Olive oil is here 
an oil, in Iceland or Greenland it is a fat. At one time it 
was considered that there was some material difference between 
an oil and a fat, but it is now known that such is not the case. 

The foundation of our knowledge of the chemistry of oils 
and fats was laid by Chevreul and Liebig in their classic re- 
searches on tliese bodies, and on this foundation modern 
chemists have built a great superstructure of knowledge, 
which is being added to as the years roll by. In this work 
English chemists have borne their share. Allen, Archbutt, 
Hehner, Wanklyn, Fox and others have materially helped 
forward this work, while continental chemists have also had a 
good share of the work. There is still much work remaining 
to be done, not only in new directions, but in confirming 
much of the work and researches which have been published 
of late years, and which if found to be correct will bring 
about some alterations in our conception of the composition 
of many oils. With regard to many of the statements that 
have been made of late of the constitution of the fatty bodies, 
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it would be as well to be a little sceptical and await their 
confirmation before accepting them finally; for this reason^ 
while the newer ideas and views will be stated in this book, 
the older ones will be presented at the same time. 

The vegetable and animal oils and fats have been named 
by chgmists " Glycerides," because by the processes of sa- 
ponification (see farther on) they can all be made to yield 
glycerine. The glycerine is not present in the oils as such, 
but in the form of the radicle glyceryl, C3H5, in combination 
with certain acid bodies, like stearic acid and oleic acid, which 
are known as the fatty acids on account of their occurring in 
the various oils and fats. The glyceryl is the base of the oils, 
while the acids naturally form the acid constituent of the oils, 
which again belong to the great' group of chemical compounds 
called ** salts'' by the chemist, and which are specially dis- 
tinguished by being produced by a combination of a basic 
body with an acid body. 

When an oil or fat is boiled with a solution of caustic 
soda or of caustic potash, it undergoes what is called " sa- 
ponification ". The stronger base soda or potash liberates 
glyceryl and takes its place. The compound which it then 
forms with the fatty acid or fatty acids of the oil or fat forms 
the familiar product, soap ;»hencef the reason of the term " sa- 
ponification **. The glyceryl enters into combination with the 
hydroxyl group of the alkali and forms glycerine. This change 
is shown in the following equations, which show the action 
of caustic soda and of caustic potash on typical glycerides : — 

Olein. Caustic Soda. Sodium Oleate (Soap). Glycerine. 



rCisH^Oa . rOH 

IsiCigHjaOa + SMaOH = SNaCigHaaOa + C3H J OH 

ICisHgaOa lOH 

Linolein. Caustic Potash. Potassium Linoleate Glycerine. 

(Soft Soap). 

iJCigHaiOa + 3K0H = SKCisHgjO, + C3H J OH 

ICjgHgiOa lOH 
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By heating the fat in contact with superheated steam, 
a principle which is employed on a large scale for the manu- 
facture of stearic acid and glycerine, the fat is decomposed, 
it takes up the elements of water, undergoes what is called 
** hydrolysis,'' and there is formed free fatty acids and 
glycerine. This reaction is shown in the following equa- 
tion : — 

stearin. Water, Stearic Acid. Glycerine. 

CaHJCigH^Oj + 3H,0 = 3HC18H35O2 + C3H5] OH 

While there is only one base present in all the fats 
and oils at present known — that is, glycerine, the properties 
of which will be found described farther on (page 128) — 
there are a good many acids known. In fact, with the 
exception of Japan wax, which is almost pure glyceryl 
palmitate (palmitin), most oils and fats contain at least 
two acids, while some, i.e. butter and coconut oil, contain 
many more. It has been found that the acids which have 
so far been found in the oils and fats that have been 
examined, may be grouped into several families, which 
differ from one another in the proportion of carbon, hydrogen, 
and oxygen they contain, and in many of their properties. 
The following tables give the names and chemical composi- 
tion and formulflB of those acids at present known with the 
oils and fats in which they have been found. In order, 
however, to make some of the tables complete, some acids 
are added which are not found in oils but are members of 
the same great families of acids. 

I. Acids of the Acetic Series. General Formula, CnH^nOa. 





Acid. 


Formula. 


Where found. 


Formic 


• • 


HCHO2 


In ants and nettles. 


Acetic 


» •• 


. HC2H3O, 


In various essential oils produced dur- 
ing the fermentation of saccharine 
fluids. 
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Acid. 


Formula. 


Propionic 


. HCaH^Oa 


Butyric acid . 


HC4H3O2 


Valeric acid . 


HCsHgOa 


Caproic acid . 


. HCeHiA 


Aenanthylic acid 


. HC,H„0, 


Capryllic acid . 


. HCsHj^O, 


Pelargonic acid 


. HCgHiA 


Gapric acid . 


HCioHigOj 


Umbellulic acid 


HCiiHaiOa 


Laurie acid . 


HCijHajOa 


Myristic acid . 


. HC,,H,A 


Isocetic acid . 


HCjsHaA 


Palmitic acid . 


. HCieHsA 


Daturic acid . 


HCi^H^Oa 


Stearic acid . 


HC29H35O2 


Arachidic acid 


HC20H39O0 


Behenic acid . 


HCgaH^aOa 


Lignoceric acid 


HC34H47O, 


Hysenic acid . 


HCaeH^O, 


Oerotic acid . 


HC^H^O, 


Melissic acid . 


HC3oH«,Oo 



Where found. 
Obtained by oxidizing fusel oil. 
The characteristic acid of butter. 
Found in valerian root. Present in 

fish oils. 
Obtained from butter or coconut oil. 
Present in castor oil. 
Found in coconut and palm nut oils, 

butter. 
Oil of the pelargonium and oil of rue. 
Butter, coconut and palm nut oils. 
Ghaulmugra oil. 
In laurel oil, coconut and palm nut 

oils. 
In nutmeg butter, coconut oil, croton 

oil. 
Obtained from spermaceti. 
Palm oil, Japan wax, spermaceti. 

The solid portion of animal fats. 

Arachis or ground nut oil. 

Oil of ben seed, rape oil, mustard oil. 

In ground nut oil. 

Fat of the hysena. 

Beeswax, Chinese wax, carnauba wax* 

Beeswax. 



Besides the acids here enumerated, there are reasons for 
suspecting the presence in some oils and fats of others more 
or less isomeric with some of the above, as, for instance, iso- 
butyric acid in butter, margaric acid isomeric with daturic 
acid, carnaubic acid isomeric with lignoceric acid. Our know- 
ledge of these acids is not yet sufficient to enable us to state 
with sufficient definiteness the composition of all the acids 
described as having been found in various oils and fats. 
Theory, of course, points out that there is a possibility of iso- 
meric acids existing. 

The four lowest members of this series of fat acids, formic, 
acetic, propionic, and butyric, are soluble in water, and may 
be distilled without decomposition. The next ffew members 
in the series are slightly soluble in water, and may be distilled 
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in a current of steam, while all above capryllic acid are 
insoluble in water, and cannot be distilled with steam. The 
fatty acids may therefore be divided into two divisions, one 
the ** soluble fat acids,'* which are soluble in water and dis- 
tillable in the presence of steam ; the other the " insoluble fat 
acids," which are insoluble in water. The lower members, 
formic, acetic, propionic, and butyric acids, are liquids whose 
boiling points increase with an increase in the number of 
carbon atoms in the molecule, while the other acids are 
solid bodies of varying consistency whose melting point and 
hardness increase with increase in complexity of composition. 
The fatty acids are all soluble in alcohol, a property which 
distinguishes them from the oils and fats themselves, which 
are but sparingly soluble in alcohol. The solution in alcohol 
shows a slight acid reaction to litmus. This group of acids 
are saturated acids, and have no power of combination with 
iodine or bromine. 

This group of acids has some connexion with the paraffin 
series of hydrocarbons, inasnluch as by a series of reactions 
they can be prepared from them. Thus, for instance, start- 
ing with ethane, C2H6, it can by the action of bromine be 
converted into ethyl bromide, C2H5Br. By treating this body 
with caustic soda, it is converted into ethyl alcohol, ordinary 
alcohol, C2H5OH. Alcohol by treatment with oxidizing 
agents is converted into acetic acid. In a similar manner 
the other hydrocarbons of the paraffin series may be con- 
verted into acid bodies containing the same number of carbon 
atoms as the hydrocarbon. 

II. The Acrylic or Oleic Series of Fatty Acids 



Acid. 


Formula. 


Where found. 


Acrylic acid . 


. HC3H3O, 


Is obtained by oxidizing acrolein. 


Grotonic acid 


. HC4Hj,0a 


Is found in oil of mustard and in 
croton oil. 


Angelic acid . 


. HC5H7O2 


Found in Angelica root and in the 
resin of sumbul root. 
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Acid. 


Formula. 


Tiglic acid 


HOiaHjsOa 


Moringic acid . • 


HCjjH^O, 


Gimicic acid . 


HO^H^Og 


Physetoleic acid 


HCieH^^Oa 


Hypogseic acid 


HCieH^Oa 


Oleic acid 






HC18H33O8 


Iso-oleic 




Elaidio acid . 


— 


Doeglic acid . 


MG]g£L3j)02 


Erucic acid . • 


HC^H^iOa 



Where found. 
In croton oil and oil of chamomile. 

From oil of ben. 

In sperm oil. 

In ground nut oil or arachis oil. 

Is the most common of the fatt^ acids, 
the glycerine (olein) formmg the 
liquid portion of nearly all oils. 

Can be prepared from oxystearic acid. 

By the action of nitrous acid on oleic 
acid. 

Contained in bottlenose sperm oil. 

Bape, mustard, and grape seed oils. 



Besides these aeids there are some others known which 
can be prepared artificially, but are not known to be present 
in any oils or fats. The acids of this group are notable on 
account of the large number of isomers which are known of 
them. Further, nearly all can, like oleic acid, be converted 
into an isomeric acid by the action of nitrous acid. This ac- 
tion is known as '' elaidinizing ". They are unsaturated acids, 
each is capable of combining with chlorine, iodine, or bromine 
in the proportion of one molecule of the acid to two atoms of 
the halogen element. This property is also possessed by the 
oils in which they are present. The acids of the acrylic 
series are related to the olefin series of hydrocarbons in the 
same way as the acids of the acetic series are related to the 
parafi&n hydrocarbons. 

By certain reactions, as by employing hydriodic acid and 
phosphorus, the acids of this series can be cpn verted into the 
isplogous acid of the stearic series. Thus, for instance, oleic 
acid, which has eighteen atoms pf carbon, is converted into 
stearic acid, which has also eighteen atoms of carbon. 

Some of the acids of this series combine directly with 
sulphuric acid, forming oxy-sulpho ^cids of the acetic series. 
Thus, for instance, oleic acid forms with sulphuric acid 
oxy-stearo-sulphuric acid, C17H34COOH.O.SO2.OH, which is 
capable of undergoing hydrolysis and taking up the elements 
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of water, and is transformed into sulphuric acid and oxy- 
stearic acid, C17H34OHCOOH. This reaction is of interest, 
as it probably takes place when soluble oil is made from olive 
oil by the action of sulphuric acid. 

III. The Linolic Series of Fatty Acids. 

Name. Formula. 

Oleomargaric acid HGifHagOs 

Linolic acid HGigHgiOa 

Tariric acid . HCigHjiOa 

To these, perhaps, must be added the acid contained in 
millet seed oil. 

These acids combine readily with iodine and bromine, 
taking up four atoms of the halogen per molecule of acid. 
They are specially characteristic of drying oils, being found 
in linseed, hempseed, and poppy oils. When boiled with an 
alkaline .solution of potassium permanganate they are con- 
verted into hydroxy acids, linolic acid being converted into 
sativic acid. They are not elaidinized by means of nitrous 

aqid. 

IV. The Linolbnic Series of Fatty Acids. 

Name. Formula. 

Linolenic acid . . . • * . . . KCiqBL^O^ 

Isolinolenic acid .. . . . . . . . HCigHagOa 

Jecoric acid . . 1 . : . . . . . ' HCigHagOj 

These acids have a powerful affinity for iodine and 
bromine, taking up six atoms of the halogen per molecule of 
acid. They are found in drying oils. 

V. RiciNOLBic Series of Fatty Acids. 

Name. Formula. 

Ricinoieio acid - . HOigHg^OHOa 

Riciiiiaoleic acid . • . . . ... HCigHjaQHOa, 

Rapioacid . . ^ ' ^ ' . . . . . _. HCigHj^OHOa 

ThesQ are hydroxy acids, and are allied to oleic acid. 

They will, take, up two atoms of iodine , or bromine per 

molecule of acid. They differ from other fat acids in being 

. insoluble in petroleum spirit, a property which also..extends 
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to their glycerides. Eicinoleic acid is characteristic of castor 
oil, while rapic acid is found in rape oil. 

Glycerine, " the sWeet spirit of oil,*' is obtained from 
those bodies by the process of saponification with alkalies, or 
by the aid of superheated steam. Chemists have assigned 
to this compound the name of glycerol, the termination ol in- 
dicating it to have alcoholic properties. Glycerine is a 
trihydric alcohol, and is a combination of the organic radicle 
glyceryl, CgHg, with three equivalents of hydroxyl, OH. Its 
chemical formula is therefore C3H5(OH)3. It does not exist 
as such in the oils and fats ; these are combinations of the 
radicle glyceryl with one or more fatty acids. When these 
undergo saponification, as shown in the equations on p. 122, 
the glyceryl combines with hydroxyl, and is liberated in the 
form of glycerine. 

Glycerine possesses the following properties : It is a 
water-white, very viscid liquid, having a specific gravity of 
1*2665, at 15° C. It possesses a sweet taste, but no odour. It 
can be obtained in the form of colourless crystals. It boils 
at 290° C. when pure. The addition of water lowers the 
boiling point very sensibly. It is not volatile at the ordinary 
temperature, but is so at the boiling point of water, and it 
volatilizes along with water when a mixture is heated. 

Glycerine is. strongly hygroscopic, readily absorbing water 
from the air, the amount it will absorb often reaching 50 per 
cent of its weight. Glycerine and water will mix in all 
proportions, the specific gravity varying in proportion to the 
degree of mixture. The table on page 129, due to Skalweit, 
gives the specific gravities and refractive indices of various 
mixtures of glycerine and water at 15° C. 

The refractive index of aqueous solutions of glycerine 
also varies with the strength, as shown in the above table, 
and where the quantity available is not sufficient to deter- 
mine the specific gravity, this property may be made use of. 
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Table or Specific i Gbavitibs and Befbactive Indices of Glycebinb Solu- 
tions AT 15° C. 



Glycerine 


Siwciflc 


Refractive 


Glycerine 


Specific 


Refractive 


Percent. 


Gravity. 


Index. 


Per Cent. 


Gravity. 


Index. 





10000 


1-3330 


51 


1-1318 


1-4010 


1 


1-0024 


1-3342 


52 


11346 


1-4024 


2 


1-0048 


1-3354 


53 


1-1374 


1-4039 


8 


1-0072 


1-3366 


54 


1-1402 


1-4064 


4 


1-0096 


1-3378 


55 • 


1-1430 


1-4069 


5 


1-0120 


1-3390 


56 


1-1458 


1-4084 • 


6 


1-0144 


1-3402 


57 


1-1486 


1-4099 


7 


1-0168 


1-3414 


58 


1-1514 


1-4104 


8 


10192 


1-3426 


59 


1-1542 


1-4129 


9 


1-0216 


L-3439 


60 


1-1570 


1-4144 


10 


1-0240 


1-3452 


61 


1-1599 


1-4160 


11 


1-0265 


1-3464 


62 


1-1628 


1-4175 


12 


10290 


13477 


63 


1-1657 


1-4190 


13 


1-0315 


1-3490 


64 


1-1686 


1-4205 


14 


1-0840 


1-3503 


65 


1-1715 


1-42-20 


15 


1-0365 


1-3516 


66 


1-1743 


l-4z36 


16 


1-0390 


1-3529 


67 


11771 


1-4260 


17 


1-0415 


1-3542 


68 


1-1799 


1-4265 


18 


1-0440 


1-3555 


69 


1-1827 


1-4280 


19 


1-0465 


1-3568 


70 


1-1855 


1-42^5 


20 


1-0490 


1-3581 


71 


1-1882 


1-4309 


21 


1-0516 


1-.:J594 


72 


1-1909 


1-4824 


22 


1-0542 


1^607 


73 


1-1936 


1-4889 


23 


1-0568 


1-3620 


74 


1-1963 


l-:t854 


24 


1-0594 


1-3633 


75 


1-1990 


1-4369 


25 


1-0620 


1-3647 


76 


1-2017 


1-4384 


26 


1-0646 


1-3660 


77 


1-2044 


1-4399 


27 


10672 


1-3674 


78 


1-2071 


1*4 lU 


28 


1-0698 


1-3687 


79 


1-2098 


1-4429 


29 


1-0724 


1-3701 


80 


1-2125 


1-44 14 


30 * 


1-0750 


1-3715 


81 


1-2152 


1-44^0 


31 


1-0777 


1-3729 


82 


1-2179 


1-4475 


32 


1-0804 


1-3743 


83 


1-2206 


1-4490 


33 


10831 


1-3757 


84 


1-2233 


1-4 >05 


34 


10858 


13771 


85 


1-2260 


1-4520 


35 


10885 


1-3785 


86 


1-2287 


1-4685 


36 


10912 


1-3799 


87 


1-2814 


4-4550 


37 


1-0 .39 


1-3813 


88 


1-2.^41 


1-4 65 


38 


1-0966 


1-3827 


89 


1-2368 


1-4580 


39 


10d93 


1-3840 


90 


1- '395 


1-4595 


40 


1-1020 


1-8854 


91 


1-2421 


1-4610 


41 


11047 


13868 


92 


1-2447 


1-4625 


42 


11074 


13882 


93 


1-2473 


1-4640 


43 


1-1101 


1-3896 


94 


1-2499 


1-465 i 


44 


11128 


1-39 


95 


l-i525 


1-4670 


45 


1-1155 


13924 


96 


1-2550 


1-4684 


46 


1-1182 


1-3938 


97 


1-2575 


1-4698 


47 


1-1209 


1-3)52 


98 


1-2600 


1-4712 


48 


1-1236 


1-3966 


99 


1-2625 


1-472 -« 


49 


1-1263 


1^3981 


100 


1-2660 


14742 


60 


1-1290 


1-3996 


. 
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Glycerine is miscible in all proportions with alcohol ; it is 
insoluble in ether. It is also insoluble in carbon bisulphide, 
chloroform, petroleum spirit, and benzine. A mixture of 
two volumes of absolute alcohol and one volume of ether 
may be used to separate glycerine from sugars, gums, salts, 
etc. 

Glycerine is a powerful solvent. On some bodies, e.g. 
iodme, mercury iodide, carbolic acid, it exerts a stronger 
solvent action than water. 

Glycerine when heated with strong sulphuric acid or with 
hydrogen potassium sulphate is decomposed. It suffers de- 
hydration, and there is formed acrolein, C3H3COH, which 
has strong irritating properties. This is, perhaps, the most 
characteristic property of glycerine. Heated with caustic 
potash, potassium acetate and formate are formed. Glycerine 
is easily oxidized, usually with the formation of carbonic acid 
and water. Glycerine treated with nitric acid forms glyceric 
acid ; a mixture of glycerine nitric and sulphuric acids forms 
nitro-glycerine, one of the most powerful explosives known. 
Heated with weak aqueous solutions of potassium perman- 
ganate, glycerine is converted into oxalic acid, on which fact 
a method for the estimation of it in waste soap, ly^s, fats, etc., 
has been based. Full details of this test will be found de- 
scribed in the chapter on Oil Analysis. 

In its chemical properties glycerine is a tribasic alcohol. 
It is capable of uniting with acids to form compounds ana- 
logous to salts. With monobasic acids like hydrochloric and 
acetic acids it forms three different compounds. Thus there 
are: — 

Monochlorohydrin, OjHB(OH)a01 ; 
Dichlorohydrin, CsHbCOHJCL,; 
Trichlorohydrin, CjHjClg ; 

and 

Monacetin, CjHB(OH)aO,HBOa ; 
Diacetin, CjHBOH(CaH,02)2 ; 
Triacetin, C^Hj^iCi^Kjfi^^. 
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The fatty acids are monobasic acids, and they will combine 
with glycerine to form three compounds. Thus from oleic 
acid we can get : — 

Monolein, C3HB(OH)8Ci8H550a ; 
Diolein, 0,HbOH(C,8H„O4)j ; 
Triolein, O^U^iC^fiBL^O^y 

So far as it is at present known, only the tri-compounds 
of the fatty acids and glycerine are known to occur in nature. 

Allen in his ** Commercial Organic Analysis," vol. ii., p. 
33, gives the following figures as the proportion of glycerine 
which may be extracted from various oils : — 

Bottlenose Sperm Oil 3*10 per cent. 

Northern Whale Oil ll-QG „ „ 

Porpoise Oil 11*09 „ ,, 

Menhaden Oil 11-10 „ „ 

Lard 10-88 „ „ 

Tallow 10-00 „ „ 

Butter Fat 11-06 „ „ 

Olive Oil 11-40 „ „ 

Rape Oil 9-82 „ „ 

Sesame Oil 9-94 „ „ 

Cotton Seed Oil 9*50 „ „ 

Linseed Oil 9*89 ,, „ 

Castor Oil 9-18 „ „ 

Coconut Oil 12-11 „ „ 

Palm Nut Oil 11-70 „ „ 

Palm Oil 9-71 ., „ 

Japan Wax 11-60 „ „ 

Myrtle Wax 12*2S „ „ 

It will be seen that the proportion of glycerine which can 
be obtained from the conmion oils and fats is from 10 to 12 
per cent. 

Section C. 

Oocurrence of Animal and Vegetable Oils and Fats, 

1. Animal Fats. 

In the animal body are comparatively large deposits of 
fatty matter. Nearly all the internal organs are covered 
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with a coat of fat. In and about the joints of the bones 
deposits of fat occur. The muscles are also separated from 
one another by layers of fat. In some cases these deposits 
of fat are of particular note. This is the case with what is 
known to anatomists as omentvm of animals, a layer of fatty 
matter which covers the intestines, known commonly by 
various names — ** leaf " in the case of the pig, " skin '* in the 
case of sheep and oxen. The bodies of whales and seals are 
covered with a thick layer of fat known as the "blubber '\ 
The fat occurs in the animal body in a liquid condition, en- 
closed in small cells of animal tissue, so that it does not in-' 
terfere with the motions of the body. It is maintained in 
this liquid condition by the natural heat of the body. When 
the animal dies the body becomes cold, and the fatty matter 
sets into a solid mass, to which circujnstance is due the stiff- 
ness, or rigor mortis, of dead bodies. 

The purpose of fatty deposits in the animal kingdom is 
threefold. First it preserves, especially in the case of the 
omentum^ the internal organs from injury and serves to lubri- 
cate them in their various motions. It serves as a store of 
warmth for the body ; also as a store of food. 

2. Veobtable Oils and Fats. 

In the vegetable kingdom oils and fats occur in a variety 
of ways. All seeds contain oil to a greater or less extent, 
some as much as 60 per cent. This oil acts as a food for the 
young plant until it reaches such a period of its growth that 
it can extract its sustenance from the earth. The pulp of 
certain fruits, e.g. olives, palm, contains a good deal of oil. 
The vegetable oils here referred to are those fixed or fatty 
oils, and not the essential oils, to which in many cases any 
particular odour or taste is due. 
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Section D. 

Extraction or Purifioation of Animal and Vegetable Oils and Fats. 

It is obvious that as the circumstances under which any- 
particular animal or vegetable oil occurs are so varied, the 
methods adopted for the purpose of extracting them must be 
varied also. A process which will work well with, say, the 
fat of the pig, would not suit the blubber of the whale, or 
the oil from the olive. Space will not permit of a very ex- 
tended description of all the processes which have been de- 
vised for the extraction of animal and vegetable oils and fats ; 
but of those which are in common use a full description will 
be given, while other processes of . only special interest will 
be noted in outline. 

1. Animal Fats and Oils. 

The operation of extracting the animal oils and fats, such 
as tallow and lard, is generally known as '* rendering''. It 
may be carried on in various ways. The principle which 
underlies all the methods is that of liberating the fatty matter 
from the animal tissue in which it is enveloped, by means of 
heat. This causes the fatty matter to swell, and in so doing 
it bursts the envelope of tissue and is then ready to flow away. 
We may carry this operation out by : first, direct heat ; second, 
boiling in water ; third, steam under pressure. 

Eendeeing by Direct Heat. The housewife renders 
her lard and suet by placing the rough fat in a tray or dish 
in the oven. It is scarcely possible to adopt quite so simple 
a system on the large scale, although one or two plans 
which will be described very closely resemble the housewife's 
primitive method. 

A simple method occasionally adopted is to heat the 
rough fat in a large boiler over the fire. The contents of 
the boiler are kept continually stirred, and when it is 
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considered that the fat has been freed from the tissue, the 
fire is withdrawn and the fat drawn off into a separate re- 
ceptacle. The method, though simple, is open to several 
ob]ection& If great care be not taken there is a liability 
to char the fat or tissue, the fat thereby acquiring a dis- 
coloured appearance and a burnt odour. Not only so, but 
bad odours are liable to be given off during the operation 
which are also objectionable. 




Fia. 27. Tallow BEMDSBiNa Chamber. 

A much better plan of rendering fats by dry or direct 
heat is illustrated in Figure 27. A large chamber is built 
of such a size that a workman can conveniently enter it. 
In this are arranged on each side rackwork shelves placed in 
an inclined position towards the centre of the chamber. On 
the floor of the chamber are a number of steam pipes for the 
purpose of heating the chamber to any required degree. The 
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fat is cut up into small fragments by means of a mincing 
machine, and spread in layers on metallic trays, which in 
turn are placed on the shelves in the chamber. At the lower 
end of each tray is an opening to permit of any fat running 
out into gutters, which are arranged for the purpose, these 
gutters conveying the fat into a storage tank placed in 
a suitable position. When all the shelves are filled with 
trays of fat the door of the chamber is closed, and steam 
sent into the pipes, whereby the chamber is heated to 
from 130** to 140° Fahr. At this heat the fat melts and runs 
out. When it is seen that no more fat is being obtained 
the steam is stopped, the melted fat in the trays is allowed 
to run out and the residual tissue removed, and the trays 
filled up for another rendering. As the residual tissue still 
contains some 7 or 8 per cent of fat, it is sent to another pan 
for the purpose of extracting this residual fat. The advan- 
tage of this process, which has been devised by Messrs. Cook 
& Hall of the East London Soap Works, is that it yields a 
fat of. very pure quality. On the other hand, it is rather more 
costly to work than some other processes. There is the labour 
of mincing the rough fat and filling it into trays. The cost of 
heating the chamber is rather high, while the yield is not so 
great.. A better price is, however, obtainable for the fat. 

Messrs. Merryweather & Sons have devised a plant for 
the dry rendering of rough fats by superheated steam whereby 
the overheating of the fats is avoided. This consists of three 
parts : First, a double-cased or jacketed boiler in which the 
fat is heated, the steam being sent into the space between 
the two pans ; second, a superheater which is heated in a 
suitable furnace for superheating the steam ; and third, a 
steam boiler. This apparatus is very efficient in use. It is 
shown in Figure 28, where h represen*^s the fat pan ; 6, the 
steam boiler ; a, the superheater, consisting of a number of fl 
shaped pipes in a furnace ; d is the steam pipe ; c, chimney. 
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In all the dry systems of rendering fats there is left behind 
the animal tissue, or, as it is called, the ''greaves or crack- 
lings **. With the best system of rendering the fat, these 
always contain a certain proportion of fat which it is desirable 
from economical motives to recover. This may be done in 
several ways. 

One of the most common methods of recovering the fat 
from greaves is by subjecting them to pressure in a press. 
One very convenient press for this purpose is the Boomer 
Screw Joint Press. 




Fig. 28. Merry weather's Fat Benderino Plant. 

A convenient form of this press is made for fat Tenderers. 
It consists of a round table with corrugations, and provided 
with a lip from which the pressed fat can flow. This is 
supported on a strong iron casting. On the table is fitted a 
cask made in two halves working on a hinge, with the object 
of enabling it to be readily discharged. A plunger connected 
with the screw gear fits the cask. The Boomer press has a 
right-and-left handed screw, the nuts working on which are 
connected with the press plunger : the revolution of the screw 
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causes the nuts to travel inwards, and thus by a knuckle 
joint force the plunger downwards with some force. The 
greaves or cracklings while still hot are placed in the cask 
and the press brought into action. The fat is pressed out, 
while the residual greaves are collected and sold for dogs* 
food or for manure. 

Eendering by Boiling Water. A very old plan of 
rendermg tallow is to boil it in an open boiler set in a fire- 
place like an ordinary household washing boiler along with 
water. The heat of the boiling water causes the fat to ex- 
pand and melt and flow from the greaves. Being lighter 
than water, it collects on the top of the boiling water, and 
should be skimmed off from time to time. The greaves fall 
to the bottom of the boiler. Some of the animal tissue passes 
into solution, however, and a little tends to get into the 
tallow. 

This process is simple, but it has the disadvantage of 
leading to the production of evil odours which are objection- 
able, so that except for treating small lots of fat it is rarely 
resorted to, having been largely superseded by processes for 
rendering fat with steam under pressure. 

Such a boiler is shown in Figure 29, which represents an 
improved form of construction. The bottom is double, and 
the space thus formed is in communication with the outer 
air. By this means the temperature of the bottom of the 
pan never gets too high. The boiler is covered with a lid, 
from one portion of which a pipe conveying the steam, etc., 
passes into the chimney, thus carrying off all vapours and 
preventing nuisance. 

Eendering Fats under Pressure by Steam. A very 
convenient form of plant for this purpose is shown in 
Figure 30. This consists of a steam boiler placed vertically 
as shown, and supported on flanges near its upper portion. 
The rough fat is fed in through a manhole M, placed on the 
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top of the boiler, on which also is a safety valve s. In the 
bottom is placed a perforated steam coil c, connected with a 
steam-pipe and valve v. In the side of the boiler are placed 
two gauge or flow-out taps ^ h, lower down is placed a large 
valve E for running off the melted tallow, while at the 
bottom of the boiler is another valve T for running off the 
water, etc. 

This boiler is used in the following manner : The crude 




Fig. 29. Fat Boiler. 

fat is broken up into small pieces, and fed into the boiler 
through the manhole, which is then closed. Water is then 
run in, and steam at 60 pounds pressure sent in through the 
steam coil ; this being continued for five to six hours, the 
length of time being regulated according to the amount of 
charge. When the operation is finished the steam is shut 
off, the contents allowed to settle, then before the fat has 
time to get solid it is run off from the flow-out taps. If 
necessary, water is run in to throw the fat up to the level of 
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the running-oflf taps. Some Tenderers will, after turning off 
the steam, run off all the contents of the boiler into a tank, 
and there allow the fat to settle out and solidify, when it can 
te removed. 

By using such a plant, a larger quantity of fat can be 
rendered in a given tinie ; there is less chance of objectionable 




tSlCI 







V 



Fio. 30. Fat Boiler. 

odours arising, and the yield of rendered fat from the crude 
material is better. 

The apparatus previously described is constructed to 
render the fats at the ordinary pressure, or at all events at 
but slightly increased pressure. By employing boilers which 
are constructed to work at a higher pressure, some advan- 
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tages are secured ; the nitrogenous tissue is more completely 
gelatinized, therefore the fat is better separated from the 
tissue, and so a greater yield of better quality is obtained. 
Figure 31 represents such an apparatus, which may be built of 




Fig. 31. Fat Boiler. 



any required size ; in some cases they are constructed of a 
capacity of 10,000 gallons. As will be seen from the draw- 
ing, it consists of an upright boiler, fitted on the top with a 
safety valve, manhole for charging, and a stuflBng box. 
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through which passes the rod of the discharging orifice or 
valve. There is a false bottom. Between the two bottoms 
is a steam coil connected by valve and pipe with an ordinary 
steam boiler. In the bottom is a discharging orifice, which 
is kept closed by a plate valve worked by a rod passing through 
the top of the boiler. In the side of the boiler is placed a 
number of draw-off cocks, extending from near the bottcftn 
to about half way up, while near the top is a testing cock. 

The apparatus is used in the following manner : The dis- 
charging valve is closed, and rough fat is thrown in through 
the manhole until the boiler is filled to within about 2i feet 
from the top. The manhole is then closed, and steam sent in 
until a pressure of 45 to 60 pounds per superficial inch is 
attained. Generally a good deal of condensation of the steam 
occurs, and much water is formed, which collects at the 
bottom of the boiler. From time to time the top cock is 
opened. If live steam escapes the boiler is working right ; if, 
however, fat comes out, then it shows that the boiler is too 
full, and that water must be drawn off from the lowest cock. 
This is done from time to time during the progress of the 
operation. After about twelve to fifteen hours* steaming, the 
steam supply is cut off, the pressure is relieved by opening 
the safety valve, and the contents of the boiler allowed to 
settle. When well settled the water is run off, while the 
tallow is run into storage tanks. The aqueous liquor con- 
tains a good deal of nitrogenous matter, and it may be col- 
lected and used as manure. Working with this apparatus, 
there is a fairly good yield of fat or tallow from the crude 
material. 

Bone Tallow. 

Bones contain a good deal of fatty matter, which it is 
necessary to extract before the bones can be used for other 
purposes. This bone fat, or, as it is commonly called, bone 
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tallow, is very largely used in making soaps, especially soaps 
which are to be used for industrial purposes. The simplest 
plan is to adopt a boiling process in open vessels, but such a 
plan is open to grea*: objection on account of the nauseous 
odours which are developed, therefore it is better to render 
bone tallow in closed vessels by steam. 

. Such an apparatus for the purpose is shown in Figure 32^ 
and is constructed by Mr. W. M. Fuller of Birmingham. It 
consists of a boiler measuring about 6 feet by 3 feet 6 inches,. 




Fig. 32. Bone Boiler. 

fitted with hinged covers at both ends, both of which can be 
tightly closed by means of suitable nuts and bolts. There 
are also provided steam connexions and draw-off cocks. 
A charge of about 46 cwt. of bones is put into the boiler 
through the upper door, which is then closed. Steam at 
about 50 to 60 pounds pressure is then introduced, and kept 
up for about forty minutes, when it is shut off ; the excess 
steam being riin into a condenser. The contents of the 
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boiler are now allowed to settle for half an hour, when the 
fat is run off through a cock at the bottom of the boiler. 
The bones are drawn out by opening the bottom of the 
boiler and allowing them to drop on the floor. This boiler 
extracts more fatty and gelatinous matter out of the bones 
than does most other modes of treatment, while the bones 
are in a better condition for being converted into manure, 
being freer and therefore more friable. 

In Figure 33 is shown a complete plant for the boiling 
and crushing of bones, as constructed by Mr. Fuller. B is a 
crushing mill to break up the bones prior to their being 
placed in the bone boilers E, E, the crushed bone being con- 
veyed to them by means of elevators, d, d are the tanks to 
receive the Hquor from the bones, which are passed on to the 
crushing and sieving mill F, where they are crushed and 
sieved prior to being sent out as bone meal. 

Other plans of treating bones have been devised. It is 
quite possible that no two bone boiling establishments are 
arranged alike in their plant for extracting the fat and gela- 
tine from bones. 

In one works they boil the bones in pans over a fire. The 
pans are fitted with covers. Each pan communicates by a 
flue with a large iron condenser, in which all the matter 
which is capable of condensing collects and flows away into 
suitable receptacles. Anything which is uncondensed passes 
into a flue and away into the atmosphere. It would be 
better to conduct all gases to the fireplaces to burA up all 
that is combustible. 

In another works they use a bottle-shaped boiler, and 
heated by steam, both the fat and the gelatine being re- 
covered. 

The processes described above are applicable for the ex- 
traction of all kinds of animal fats, and are those usually 
worked. In some cases a special process may be adopted for 
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special fats; any such will be found described under their 
respective fats. 

2. Vegetable Oils and Fats. 

There is a greater variety in the methods of extracting 
oils and fats from vegetable sources than from animal sources. 
The method generally followed is to extract the oils by pres- 
sure, in some cases at the ordinary temperature, in others at 
a higher one. Some vegetable fats are extracted by a process 
of boiling with water, as in the case of animal fats, while the 
property of such bodies as carbon bisulphide, benzoline, ben- 
zol, of readily dissolving oils, is taken advantage of for ob- 
taining vegetable oils by a solvent process. 

EXTEACTION OF VEGETABLE OiLS BY PRESSURE. The 

process of extracting vegetable oils by pressure is a very 
ancient one, and is the one commonly followed by people in 
a low state of civilization. Like many other methods it has 
undergone many changes and developments from the earUest 
times to the present. It is not intended here to enter into 
a discussion of the changes which have taken place ; atten- 
tion will rather be given to the methods now in use in this 
country. If any reader desires to know something of the 
older methods he is referred to Chambers's ** EncyclopsBdia " 
or to Spon's *' Dictionary of Engineering*'. 

There are two chief methods of pressing oils in use in 
this country ; the oldest is generally known as the English 
system, the newest as the Anglo-American system. 

The English System of oil pressing takes place in several 
stages as follows : — 

First, Crushing. 

Second, Grinding. 

Third, Heating. 

Fourth, Pressing. 

Fifth, Eefining. 

10 
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The refining of the oil obtained by carrying out the first 
four operations is the same as in other processes of extracting 
oils, and will be considered later on. 

First, Crushing, Prior to being submitted to the various 
operations enumerated above, the seed or other material 
is first subjected to a cleaning process to free it from dirt, 
foreign seeds, etc., which have got into it and which might 
interfere with the proper carrying out of the various opera- 
tions or with the quality of the oil which is obtained. These 
cleansing processes consist essentially of winnowings and 
sievings through various sizes of sieves. Even with all the 
care that may be taken it is impossible to completely free oil 
seeds from all other foreign seeds, so that commercially it is 
doubtful whether an absolutely pure oil exists. 

The crushing mills consist of an horizontal frame in 
which are fixed two rolls ; one of these is about four feet in 
diameter, the other one foot in diameter. The larger roll is 
the driving roll, the smaller one revolving by friction against 
it. The two rolls are caused to press against one another 
with some force by means of screws and springs working 
against the bearings of the rolls. The seed is fed into a hop- 
per which delivers it between the pair of rolls, in its passage 
through which it becomes crushed. A mill will crush about 
4 tons of seed in a working day of 10 hours. It is obvious, 
however, that the quantity a mill will do will vary with the 
kind of seed and other circumstances. It is usual to run the 
mill at such a speed that the large roll makes 56 revolutions 
per minute. One of these crushing mills will keep two 
ordinary-sized presses at work. 

Figure 34 is $i drawing of such a mill as described above, 
made by Messrs. Eose, Downs & Thompson of the Old 
Foundry, Hull, to whom the author is indebted for the 
engraving of this and other oil machinery. 

Second, Grinding: After being crushed the seed is thrown 
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into the hopper of an edge runner grinding mill as shown in 
Figure 36, which shows the construction of such mills very 
well. An oil crushing mill differs from most other edge 
runner mills in having a shallow hopper. The usual size for 
the runners is 7 feet in diameter and 16 inches thick, and 
they will weigh 6 to 7 tons. The driving shaft makes 17 




Oil Seed Crushing Mill. 



Tevolutions per minute. One of these edge runner mills will 
keep two presses at work. The seed is ground for a period 
•of twenty to twenty-five minutes. During the operation care 
is taken that every part of the seed gets efficiently ground, 
;and it is usual to add from 2 to 3 per cent of water during 
the grinding to moisten it and put the seed in the best con- 
«dition for the succeeding operations. 
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Third, Heating. — After being crushed and ground the seed 
next undergoes a heating operation. This is now done in a 
large copper steam kettle, shown in Figure 36. This kettle 
varies in size according to circumstances, quantity of seed to 
be treated, etc. In a large oil mill the kettle will be 5 feet 




Fig. 35. Oil Seed Grinding Mill. 

in diameter and 2 feet 6 inches deep. They are usually 
jacketed so that they can be heated by steam up to a temper- 
ature of 160° to 170°. There is also an arrangement for send-^ 
ing steam into the inside of the kettle among the seed which 
is being treated. This is very important, as the heating in 
the kettle tends to dry the seed, and dry seed does not give a. 
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good yield of oil. The time of heating varies somewhat ac- 
cording to circumstances, but usually is about twenty to 
twenty-five minutes. The kettle is always fitted with an 
agitating apparatus to ensure that every portion of the seed 
is uniformly heated. One kettle of the dimensions given 




Oil Seed Heating Kettle. 



above will keep four presses at work capable of turning out 
6 tons of cake in a day. 

The previous operations are purely mechanical in their 
effects, being designed to get the seed into the best possible 
condition for yielding all the oil it contains. The heating 
in the kettle has a combined mechanical and chemical 
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effect. The heating more completely breaks up the cells^ 
and thus results in a more ready separation of the oil ; while 
at the same time it leads to the coagulation of the albumin- 
ous and other matters present in the seed, and so prevents 
them from being pressed out along with the oil. It is the 
great object in oil pressing to obtain an oil as free as possible 
from extraneous vegetable matters, the presence of which in 
oil brings about its decomposition sooner than would other- 
wise be the case. 

Fourth, Pressing, After being heated, the hot seeds are 
placed in strong bags made of canvas, the usual amount in 
each bag being 8 pounds, or sufficient seed that after press- 
ing the oil out there remains a cake weighing 8 pounds^ 
The bags are next enclosed in woollen covers, and are then 
wrapped again in what are called "hairs,** which are strong 
cloths made of horsehair. The cakes of seed are now placed 
between the plates of the press and subjected to pressure. 

Beyond such primitive methods of pressing oil as have 
been in existence and still are in use by uncivilized people^ 
there have been three kind of press in use : — 

First, Stamper and Wedge Press. 

Second, Screw Press. 

Third, Hydraulic Press. 
The first and second have almost gone out of use, while 
now only hydraulic oil presses are made. A few words de- 
scriptive of them will, however, be useful. 

The Stamper and Wedge Press. This old form of oil 
press consists of two portions. A cast iron box, long, narrow, 
but deep, is provided. At one end is placed a perforated iron 
press plate ; against this is put the bag of seed ; next comes 
another press plate, followed by a piece of wood thicker at 
the bottom than at the top ; then comes the wedge, followed 
by a similar piece of wood to the foregoing. The other end 
is fitted up in the same way. Between the two sets is what is 
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known as a key arrangement, consisting of three pieces, two 
pieces thicker at the bottom than the top, with an intermediate 
piece, the key, shaped like an inverted wedge. The whole 
• of this arrangement constitutes one part. The other portion 
consists of two hardwood stampers which can be made to alter- 
nately fall upon the wedges with some force, thus driving 
them further in and causing them to press the seed with some 
amount of pressure, forcing out the oil it contains. After falling 
on the wedge the stamper is raised up ready for another drop. 
When it is considered that all the oil has been extracted, a 
stamper is allowed to fall upon the key, which loosens the 
whole arrangement so that the bags of pressed seed, the oil 
cake, as it is now called, can be withdrawn. The oil flows 
into a receptacle in the lower portion of the box, from whence 
it is transferred to a storage tank. It is obvious, of course, 
that the production of oil in a stamper press is a limited one. 
About 12 cwt. per day is a fair quantity for a stamper press 
to turn out. 

The Screw Press. The screw press for oil has practi- 
cally gone out of use, partly because it could not be made 
strong enough for the work, and it was awkward to work. 
It usually consisted of a circular vessel in which a piston 
worked up and down. To the piston was attached a strong 
screw worked by a lever. The bags of seed were placed be- 
tween the bottom of the vessel and the piston, and the screw 
being worked the latter was forced down, thereby pressing 
out the oil. 

The Hydraulic Press. All ofcher forms- of oil presses 
have been virtually superseded by the hydraulic oil press, of 
which there are several makers. The details of the construc- 
tion of the press have undergone many changes since it was 
first adopted for oil pressing, and the most modern form is cap- 
able of turning out more work and obtaining better products 
than the older ones. It will be more convenient to defer a 
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description of the hydraulic oil press until an account of the 
Anglo-American system is given. 

The Anglo-American System of oil pressing was intro- 
duced into this country by Messrs. Eose, Downs & Thomp- 
son, Ltd., of Hull, who have, since its introduction, greatly 
developed it, and made many improvements on the machinery. 

The Anglo-American system requires five operations — 

First, Crushing. 

Second, Heating. 




Fig. 37. Oil Seed Crushing Rolls. 

Third, Moulding. 

Fourth, Pressing. 

Fifth, Eefining. 

First, Crushing, After the seed has been cleansed, as 
mentioned above, p. 146, it is subjected to a crushing opera- 
tion, which is given by passing it through a series of heavy 
chilled iron rolls placed in a suitable frame (see Figure 37). 
The size and number of these rolls depend upon the quantity 
of seed to be dealt with. Some mills have three rolls, others 
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lour, and others five. A very common size is a mill with five 
Tolls, each 3 ft. 6 in. long by 16 in. diameter. Such a mill 
^will pass through sufficient seed to keep a set of presses at 
ivork capable of turning out 5^ to 6 tons of cake in a work- 
ing day. 

At the top of the mill is a feeding hopper into which the 
«eed to be crushed is placed. From this hopper it is passed 
between the first pair of rolls, where it receives its^first 
crushing. By adhering to the second roll the seed is carried 




%:^ 



Fig. 38. Oil Cake Moulding Machine. 

through between rolls Nos. 2 and 3, and successively between 
Nos. 3 and 4 and 4 and 5, receiving a greater crushing each 
time. Guides are attached to each roll to ensure that the 
«eed is carried between each pair of rolls. 

Second, Heating, This operation is identical with the 
similar operation in the English process described on 
p. 148. 

Third, Moulding. — After the seed has been heated in the 
Skettle, it is sent into a moulding machine. This machine is 
«hown in Figure 38. The moulding machine is one of the 
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novel features of the Anglo-American system. Its object is- 
to ensure uniformity in the size of the cakes of seed, to 
mould it by a gentle pressure into a level cake, so that the 
press is not subject to any undue strain due to inequalities, 
in the cakes, while there i^ secured a greater output from the 
presses and a better yield of oil. The hot seed is allowed to* 
fall from the kettle into a measuring box, which always, 
ensures a uniform quantity of seed being used. A tray^ 
covered with a sheet of woollen cloth is next placed on the: 
table of the moulding machine and surrounded by a frame. 
Into the mould thus formed the seed is placed, and formed, 
into a smooth cake. The tray and its contents are then 
pushed under the die of the moulding machine, when a cam- 
is brought into action, and the die caused to fall upon the- 
seed and compress it to a thickness of three inches or even, 
less ; the pressure being maintained for about half a minute,, 
when the die rises and the cake of seed is removed and sent 
into the hydraulic press. By the use of the moulding- 
machine a larger number of cakes can be dealt with in the^ 
press at one time. A cake of unpressed seed has a thickness, 
of about eight inches, while the moulded seed has a thickness- 
of about three inches, and so a press will take rather morfr 
than twice as much moulded seed as unmoulded seed. 

Fourth, Pressing, This is the final operation of either the- 
Anglo-American or the English system, although in either 
case the oil after it flows from the press has to undergo a. 
refining operation before it can be sent into the market for 
sale. The hydraulic press has undergone some changes ini 
detail since it was first applied to the pressing of oil ; but it 
is not intended here to give any historical sketch of these- 
changes, as space does not admit of it. 

Figure 39 shows the latest form of hydraulic press for oil 
pressing short of the pumps which are necessary to work 
the press. The hydraulic press consists of a very strong; 
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cast-iron foundation, in which works a ram connexion with 
a strong iron movable plate. This plate moves up and down 
between stout iron standards, which also form supports for 
a very strong iron casting. Between the movable bottom 
plate and the top are arranged a number of corrugated iron 
plates, which receive the cakes of seed to be pressed. 




Fig. 39. Hydraulic Oil Press. 

The cakes of seed as they come from the moulding 
machine are placed in a pair of iron covers Hke a book back 
(see Figure 40), and into the press. This does away with the 
hairs which were used in the old system, which are very 
expensive to use owing to the damage which the press does 
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to them in breaking them. The press may be made in 
various sizes to suit the particular requirements of the oil 
miller, from a small press capable of pressing four cakes at 
once to one taking twelve to fourteen cakes. 

Two sets of pumps are usually supplied with each 
press, one to give a pressure of about 700 to 800 lb. per 
square inch, while the other set will give a pressure of two 
tons. 

At first the lower pressure is applied for about fifteen to 
twenty minutes, during which the great bulk of the oil will 
flow out. Then the higher pressure is put to complete the 




\\\\\V^2 



Fig. 40. Oil Cake Moulds. 

extraction of the oil, which will take a further five to ten 
minutes. The oil flows out of the sides of the seed into the 
corrugations on the iron plates and into channels which are 
provided for it to flow away to a storage or receiving tank 
placed about the base of the press. 

Usually from two to four presses are included in one oil 
plant, as the other portions of the plant are quite capable of 
keeping more than one press at work. 

It is obvious, of course, that the output from the oil press 
will vary very considerably owing to the varying size of the 
presses and also of the seed which is being pressed. For 
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while a press can work through five charges per hour of 
linseed, it will only do three of rape seed and four of cotton 
seed in small size presses. Larger presses, working perhaps 
250 to 320 lb. of seed at one charge, will work through three 
to four charges in three hours. The size of the cake of seed 
also varies with the size of the press. 

As a rule seeds are only passed once through the press, 
but there are a few, such as rape and gingelly seed, where 
the seed is crushed twice, the cake obtained in the first 
pressing being reground and reheated with a little additional 
water before being again pressed. Further, what was origin- 
ally pressed in two presses is spread in the second pressing 
over three presses. 

Some oil seeds, castor seeds, cotton seeds, arachis seeds, 
etc., have a very hard shell, besides being of large size. It is 
necessary for the better extraction of the oil that the shell or 
husk be removed ; this is effected by means of a machine 
known as a decorfcicator, the operation being known as 
"decorticating". Such a mill adapted for the treatment of 
castor oil seeds by hand, although they may be made to 
work by steam, is shown in Figure 41. These mills have a 
pair of revolving cylinders carrying blades fixed at a particular 
distance apart, this distance being dependent upon the seed 
which is being treated, castor oil seed requiring a different 
distance than arachis nuts, and so on. The knives just cut 
the seed and allow the kernels to fall out, then by winnowing 
the husks may readily be separated. In Figure 42 is shown 
at A castor oil seed before treatment, at B the husk, and at 
C the white kernel ready for the crushing mills. 

There is, of course, a great difference in the quantity of 
oil which is yielded by different seeds. It is found prefer- 
able in the case of seeds which give but poor yields to use a 
smaller quantity of seed in each charge than is done with 
seeds which are rich in oil. 
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In some cases, such as castor and olive oils, the seed is 




Fig. 41. Castor Seed Decorticator. 

subjected to two or three distinct crushings, yielding oil oi 
several qualities. First the seed is crushed cold, when what 



• 





f 



# 



ABC 
Fig. 42. Castor Seeds. 

is known as *' cold drawn " or ** virgin oil " is obtained ; then 
the seed is heated and reground, when what is called " second 
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pressure '* oil is obtained ; finally, the seed is warmed with 
water and again pressed, when a third quality of oil is obtained. 

In the case of oils which, Hke coconut and palm nut oils, 
are solid at the ordinary temperature, it is customary to heat 
the presses so as to make the oils fluid. In winter, too, it is 
-desirable to work with heated presses. 

The oil cake after coming from the press is passed to a 
paring machine, where the edges are trimmed to make the 
cake rather more presentable and therefore more marketable. 
The parings are sent back to the crushing rolls to be worked 
through with the next batch of seed. 

Principal Vegetable Oils and Fats. 



Name of Oil, etc. 


Botanical Name of 
Plant. 


Native Country. 


Percentage Yield 
of Oil. 


Almond 


Amygdalus com- 


Mediterranean 


48 to 50 




munis 


Countries 




Arachis (earth- 


Arachis hypogaea 


India, Western 


43 to 45 


nut, peanut, or 




Africa 




groundnut) 








Ben 


Moringa oleifera 


India, Egypt 


35 to 36 


Castor . 


Bicinus communis . 


East Indies. 


American, 46 to 49 
Indian, 51 to 63 


Coconut 


Coous nucifera . 


Tropical Coun- 


40 to 45 






tries 




Colza (rape) . 


Brassica campestris ; 
B. napus; B. rapa; 
B. napobrassica 


Europe 


33 to 43 


Cotton seed . 


Gossypium herba- 


Asia, Africa, 


24 to 26 




ceum 


America 




Laurel butter 


Laurus nobilis . 


South Europe . . 


24 to 26 


Linseed 


Linum usitatissimum 


Europe, Asia 


38 to 40 


Maize . 


Zea mais . 


America 


6 to 10 


Mustard seed 

(white 1 
Nut (walnut) 


Sinapis alba 


Europe 


25 to 26 


Juglans regia . 


Persia, Himalaya 


63 to 65 


Niger (ramtil) 


Guitia oleifera . 


Abyssinia, India 


40 to 45 


Olive . 


Olea Europea . 


Southern Europe 


Pulp, 40 to 60 
Kernels 12 to 15 


Palm . 


Elais guineensis 


West Africa 


Pulp or pericarp, 
65 to 72 




B. melanooocca . 


South America . 


Kernels, 45 to 50 


Poppy seed . 


Papaver somniferum . 


Asia Minor . 


Blue, 48 to 50 
White, 41 to 45 


Sesame (gingelly) 


Sesamum indicum . 


India, Levant, 

Antilles, etc. 


50 to 57 


Sunflower seed . 


Helianthus annuus . 


Mexico, Peru 


21 to 22 
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Eefining and Clarifying Oils. The oils as thejr 
come from the oil press are usually cloudy in appearance^ 
contain much colouring matter, moisture and extraneous- 
vegetable tissue, from which it is desirable they should be: 
freed. 

The oil as it comes from the press should be run into- 
large tanks, which are kept at about 100° Fahr., in which it 
is allowed to remain for some time. The water and solid 
vegetable matter settles down, leaving the oil bright and. 
clear. This process is, however, a slow one, and the oil 
presser often does not care to keep his oils so long, and 
therefore must adopt a quicker process. 

Sometimes oils are clarified by adding to them from 5 to- 
10 per cent of their weight of fuller's earth, heating the 
mixture to about 150° Fahr., and maintaining it at that heat for 
half an hour to an hour, stirring well all the time. Then the 
oil is allowed to stand for about twenty-four to thirty hours- 
to settle out. The fuller's earth carries down with it all the 
impurities in suspension, and at the same time exerts a more 
or less bleaching action on the oil. The same quantity of 
fuller's earth may be used several times, especially if its- 
function is simply that of a clarifying agent. Where, how-^ 
ever, it is employed as a bleaching agent, it must be replaced 
with fresh material from time to time. The fuller's earth 
absorbs a large proportion of oil, which should be removed by 
treatment with benzoline or benzene before it is thrown away^ 

Where large quantities of oil are to be dealt with, it is a 
good plan to use fuller's earth combined with a filter press. 
The oil is heated with 2 to 3 per cent of its weight of fuller's, 
earth, as described above; then the oil is sent through a 
filter press, which removes the earth and the solid impurities 
in the oil. Special forms of filter press are made for dealing^ 
with oils. 

Figure 43 represents a filter press made by Dehne of 
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Halle, Germany, which is well adapted for pressing oils. 
These filter presses are easy to use, while they are efficient 
in operation. 

It is quite possible when using a filter press to render 
oils, while not quite perfect, yet sufficiently so to be market- 
able, very quickly by sending the oil as it comes from the 
hydraulic press through the filter press. The oil comes out of 
the latter fairly bright and clear, and will find a ready sale. 
The solid matter which is filtered out is returned to the 







Fig. 43. Oil Filter Prers. 

kettle to be worked up with the next batch of seed. By this 
method of working there is produced nothing but oil and 
cake, no ** foots '' of any kind being formed. 

Besides fuller's earth, there have been used in clarifying 
oils other solid matters, such as china clay, infusorial earth, 
etc., which act mechanically by carrying down the solid 
matter in suspension and absorb the moisture in the oil, and 
so leave the latter clear and bright. 

Various processes have been devised for refining oils by 

chemical means ; the two agents most commonly used being 

11 
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sulphuric acid and caustic soda. The general method of 
using these bodies will be detailed. 

Ebfining Oils by Sulphuric Acid. Sulphuric acid has 
a powerful action on all organic bodies, chiefly owing to its 
great aflSnity for water, which imparts to it dehydrating pro- 
perties. As regards its employment in refining oils, its virtue 
depends on the fact that the extraneous vegetable matters 
found in crude oils are more easily acted upon by the acid 
than is the oil itself. Too much acid must not, however, be 
used, or otherwise there is risk of it sicting on the oil and 
thus leading to loss. The usual plan of treating oils is to 
place the oil in a suitable receptacle, a copper tank or iron 
pan, which should either contain a steam coil or, better still, 
be jacketed; means of agitating the oil and acid together 
should be provided, which may take the form of a mechanical 
agitator, or a current of air may be blown in during the opera- 
tion. It is advisable for the bottom of the tank to be made 
conical for the purpose of a more effectual separation of the 
oil and acid, and a tap provided at the bottom of the cone for 
the purpose of running off the acid which collects. Many 
modifications of the process have been published from time 
to time. It will, however, be found that the details will have 
to be varied according to the oil which is being treated. 
Some oils come from the presses much purer than others. 
Such oils will require a less severe treatment than those 
which contain a large proportion of vegetable matter. Strong 
sulphuric acid should never be used ; its action is too severe, 
and cannot well be controlled. It is always advisable to use . 
a mixture of sulphuric acid and water — the proportion may 
vary according to the oil which is being treated — 1 of acid to 
1 of water is a very good ratio, while some oils may require 
an even weaker acid than this. Hartley recommends for 
linseed oil, 1 of acid to 2 of water ; if the oil be very impure 
then fhe ratio 2 of acid to 1 of water may be used. 
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The oil to be treated is run into the tank and heated to 
about 110** to 115° Fahr. ; the latter temperature should never 
be exceeded, while it may happen that lower temperatures 
than 110" Fahr. may be used. Then the proportion of acid, 
and water is added with constant agitation and in a slow . 
stream to the oil. The proportion used must vary according 
to circumstances, sometimes 1 per cent of strong acid will 
be sufficient, in other cases 3 per cent may be used. The 
last-named quantity should, however, not be exceeded. It 
would be better to give the oil two treatments with a smaller 
proportion of acid. The oil and acid are thoroughly stirred 
together for about half an hour, then the mass is allowed to 
rest for twenty-four hours. At the end of this time 6 or 7 
gallons of warm water at 160° Fahr. for every 10 gallons of oil 
treated are mixed with the oil, and then the mass is allowed 
to stand for some days until a perfect separation of oil and 
acid liquor takes place. The oil is drawn off and washed 
again with water to free it from all traces of acid. The acid 
"foots," as they are called, are run away. 

This method of refining is applicable to almost all seed 
oils, and is largely used in connexion with linseed oil, rape 
oil, colza oil, nut oil, and also with fish oils. If it be used 
with any oils intended for lubricating machinery, it is neces- 
sary that the oil should be well washed with water to free it 
from all traces of the acid used in refining, which if left in 
might have a deleterious action on the metal of the bearings 
to which it is applied. 

The acid treatment will not affect any free fatty acid 
which the oil may contain ; any such will be left in the oil 
after the treatment is finished. 

It has been recommended to use a strong solution (100' 
to 130° Twaddell) of zinc chloride, using from 1^ to 2 per 
cent of the oil. This has no action on the oil itself, but it 
dehydrates it and coagulates all albuminous and vegetable 
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matter the oil contains. It costs more to refine oils by zinc 
chloride than by sulphuric acid. 

• Eefining Oils by Caustic Soda. A good many oils 
are refined by using caustic soda, in fact some, cotton seed 
oil for example, cannot well be refined by other means, while 
to obtain certain qualities of oil an alkaline treatment to free 
the oil completely from acid constituents is necessary. Colza 
oil, for instance, is much used for illuminating purposes ; if 
it contains any notable proportion of free acid it is rendered 
unsuitable for this purpose, hence an alkaline refining pro- 
cess is needful to be used with colza and other burning oils. 
Alkaline processes not only free the oil from extraneous 
vegetable matter, but they remove any traces of resin, acid, 
and colouring matters which the oil may contain, leaving a 
perfectly neutral and pure oil. Greater care is required in 
carrying out an alkaline process than is required for an acid 
process. This is due to the fact that, while the acid has no 
material action on the oil itself, and therefore little loss is 
likely to take place, the alkali has some action in the direction 
of saponifying the oil, and thereby a loss may occur. On the 
other hand, while the foots obtained with the acid treatment 
are useless, those obtained from the alkah process may be 
made use of. 

The process is comparatively simple. The oil to be 
treated is run into a suitable vessel ; an iron tank serves very 
well. The requisite quantity of caustic soda lye is added, 
and the whole thoroughly agitated together for some time 
and then allowed to settle, an operation which may take some 
time, when two layers will form, one of a watery fluid con- 
taining much soapy foots, the other of clear oil. The watery 
fluid is drawn oflf into a tank, fresh weak alkali is run in, and 
the mass treated as before, after which the purified oil is well 
washed with water to free it from alkali. 

The strength and proportion of alkaline solution used will 
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depend upon the character of the oil to be treated. With all 
ordinary oils a lye of 8° to 12° Twaddell may be used. Crude 
cotton seed oil requires a stronger lye, one of from 15"* to 20° 
Twaddell, while coconut can be refined with a lye of about 
5° to 6° Twaddell. The quantity used will depend upon the 
amount of acidity of the oil which is being treated, the quan- 
tity of resinous matter it may contain, and the amount of 
colouring matter. Hence few rules can be given as regards 
quantity of alkali to be used. Generally i to 1 per cent of 
caustic soda will suffice. 

Occasionally trouble arises from the formation of emul- 
sions which prevent the proper separation of the oil from the 
alkaline liquor. When this happens it is best to add a little 
solution of salt, sufficient to throw out the oil. 

In some cases the oil has been treated with soda crystals 
melted by heat in their water of crystallization. After being 
well mixed the mass is allowed to stand, when, as a rule, it 
easily separates into three layers, one of oil, the second of 
soapy matter, and the third of watery liquid. 

When the oil is fairly free from mucilaginous m-atters, and 
is of poor quality in consequence of its containing much free 
fatty acid, this may be removed by agitating the oils with a 
weak solution of caustic soda or of carbonate of soda, but 
usually it will be found easier to treat them with milk of 
lime or with magnesia, followed by filtering from the lime or 
magnesia soaps which are formed. 

In describing the various oils special note will be given 
to the methods of refining them. 

In the section relating to olive oil will be found a descrip- 
tion of an apparatus for separating oil from water. 

Oil Foots. In the alkali method of refining oils a large 
quantity of ** foots** is formed. These may be utilized in 
various ways according to their character. One very good 
method is to work them up for soap making in conjunction 
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with other fats. Cases, however, occur where, owing to their 
being strongly coloured as in the case of cotton oil foots, this 
cannot be done. The best plan of dealing with such is to 
decompose the foots by weak sulphuric acid and distil the 
liberated fatty acids, etc. There is then obtained a distillate 
containing glycerine (from any undecomposed glyceride 
which may be present in the foots) and fatty acid. The 
residue in the retort takes the form of ** pitch,'* and will 
consist of the resinous matter present in the foots. The 
fatty acids which are obtained are not quite pure, but con- 
tain small quantities of hydrocarbon bodies produced by 
decomposition of the fatty matter by the heat employed in 
distilling. 

Other processes for refining oils have been devised, but 
those just described are what are in common use in oil 
refineries. 

Bleaching of Fats and Oils. 

As obtained by the processes described above, the oils and 
fats are often more or less coloured. In vegetable oils this 
colour is necessarily due to the presence of natural organic 
colouring matters, chlorophyll, erythrophyll, etc., present in 
solution in the oil. Linseed oil, brown rape oil, palm oil, 
are examples of such oils which are strongly coloured. Very 
often in the processes of refining, such as have been described 
above, a large proportion of the colouring matters is removed, 
but traces of them will remain in the refined oils. Animal oils 
and fats are usually free from colour. Any such that may 
be present is generally due to; exceptional circumstances. 

There are a number of ways by which the colour can be 
removed from oils. A process which may give good results 
with one oil may not do so with another. In some cases it 
is suflScient to agitate the oil at a temperature of 120'' Fahr. 
with animal -charcoal, followed by filtration. Blowing hot 



Digitized by VjOOQIC 



THE VEGETABLE AND ANIMAL OILS AND FATS. 



167 



air through will in some cases (palm oil) destroy the colour. 
Air and light bleaching are sometimes resorted to, but in 
some cases it is necessary to make use of chemical reac- 
tions. 

Bleaching by Hot Air. By blowing a current of hot 
air at about 130' Fahr. many fats and oils can be decolorized. 
Tallow, lard, and palm oil may be treated in this way. It 
is not desirable that the action should be prolonged, or other- 
wise there is some risk of the oxidation of the oil. It is im- 
portant that the air should be dry. 




Fig. 44. Kortino Brothers' Apparatus for Bleaching Palm Oil. 

Figure 44 is a drawing of an apparatus made for bleaching 
palm oil by air devised by Messrs. Korting Bros. This con- 
sists of a cylindrical vessel of any convenient size to suit the 
quantity of fat that is being treated. K is a closed steam 
coil by means of which the fat can be heated up to any re- 
quired degree. E is a tube open at the top and terminating 
in a ring at the bottom inside the vessel, this ring having 
perforations. H is a draw-off valve. C is an injector worked 
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by steam which enters at A. B is the regulating valve. By 
the action of the injector air is drawn from the upper part of 
the vessel, and therein creates a vacuum which is filled by 
air being drawn in through E from the outer atmosphere 
and which rises in bubbles through the fat, bleaching it. 
The operation is comparatively simple, and is continued until 
a sample of the oil drawn from H shows that the bleaching 
has been Carried far enough. It may be mentioned that the 
top of the vessel is fitted with a tight-fitting cover so that it 
may be closely sealed up. 

Bichromate of Potash Process. Watts has devised a 
process for the bleaching of oils by means of bichromate of 
potash, which is largely used, especially for bleaching palm 
oil. It is carried out in the following manner: The oil to be 
bleached is heated at about 120° to 130° Fahr., then a quan- 
tity of bichromate of potash, about 22 to 28 lb. per ton of fat, 
previously dissolved in a little water is thoroughly mixed 
with the fat, then hydrochloric acid to the extent of about 2 
or 2i per cent of fat is added and also thoroughly mixed with 
the material. In the case of bleaching palm oil, the reddish 
orange colour changes first to a brownish green, and finally 
to a light green, the entire operation only taking a few 
minutes. Wet steam is now blown through for a few 
minutes, and then it is allowed to stand for some hours. 
The bleached oil is separated out and is skimmed off, and 
then washed with clean water to take out all traces of acid 
and chrome. Instead of hydrochloric acid, sulphuric acid 
may be used, but it does not give good results. This process 
can also be used for other fats and oils. 

Chlorine Process. Chlorine is a powerful bleaching 
agent which may be employed for the purpose of bleaching 
fats and oils. It is necessary, however, that great care 
should be taken in using it on account of the fact that 
chlorine is a colouring agent in oils and fats, excess resulting 
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in the formation of products which have deleterious effects 
upon them. The most convenient plan of working is to 
mix the fat with a solution of bleaching powder, using about 
2 lb. to 1 ton of fat or oil, then about three times the quan- 
tity of hydrochloric acid is added, and the whole stirred 
together ; then the mixture is allowed to settle, the fat taken 
off, and the acid liquor run away. One advantage of the 
chlorine process is that it acts as a deodorizer to rancid fats. 
In the case with fats and oils which are strongly coloured, 
it is advisable to give them two treatments rather than to 
attempt to bleach them at one operation. 

In place of using bleaching powder there may be em- 
ployed potassium chlorate at the rate of 2 to 4 lb. per ton 
of fat ; about twice the quantity of hydrochloric acid is added, 
and the operation done at a temperature of 150° Fahr. 

Sun Bleaching. This is commonly carried out by ex- 
posing the oils andfats in colourless glass bottles to sunlight. 
From time to time the oil or fat is poured from one bottle to 
another with a view to exposing fresh portions to the action 
of the sunlight. This method is slow but is often employed, 
especially for castor and other oils used for medicinal or food 
purposes. The processes above described are those which 
are commonly employed in bleaching oils and fats. Different 
refiners, however, have various modifications of different pro- 
cesses, which have been found to work well with the plant 
and appliances they have in use. Such modifications are 
often regarded as *' trade secrets '\ 

In the two books on ** Animal Oils *' and ** Vegetable Oils," 
by L. E. And^s, published by Messrs. Scott, Greenwood & 
Son, other processes of bleaching fats are described. 

Solvent Extbaction Processes. 

All oils and fats are soluble in such bodies as ether, car- 
bon bisulphide, benzohne, benzol, carbon tetrachloride, etc. 
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This property is taken advantage of in both the laboratory and 
on the large scale for the purpose of extracting fats and oils 
from substances containing them. In the chapter on the an- 
alysis of fats and oils, descriptions of the methods used in the 
laboratory will be found. Here will be described such methods 
as are used on a large scale. The principle on which all such 
apparatus works is that of treating the fat-containing substance 
with the solvent in a suitable vessel, then to run the solution 
into a still or retort and distil oflf the solvent by any means. 
The fat remains behind in the still, while the solvent is re- 
covered and used over again. The best possible solvent is one 
that has great solvent properties for oils, can be distilled com- 
pletely by means of steam, is free from odour and non-in- 
flammable. The only substance among those named above 
which answers these conditions entirely'is carbon tetrachloride, 
but unfortunately it is expensive. 

Benzoline is commonly used for this purpose. It is light, 
has strong solvent action on oils, and is cheap. It has one 
disadvantage, it does not entirely volatilize by means of steam, 
consequently there is a tendency for a little of the benzoline 
to remain behind in the oil ; again, it is very inflammable, and 
great care is needed in the working with this solvent. Car- 
bon bisulphide is one of the best solvents to use. It is volatile 
at the temperature of boiling water. Being heavier than 
water it can be kept in tanks under water, thereby reducing 
the risk of danger from explosion or fire. It has unfortuur 
ately rather a noxious odour, which makes it unpleasant to 
work with. This odour is, however, largely due to impurities 
contained in the materials from which the carbon bisulphide 
is made. By repeated use this odour becomes less offensive 
and unpleasant. 

Benzol is an hydrocarbon obtained during the distillation 
of coal tar. It is freely volatile at the temperature of boiling 
water, and has strong solvent properties. It is highly inflam- 
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mable, and therefore great care must be taken in working 
with it. 

DiETz Apparatus. A very convenient form of apparatus 
for the extraction of oil by bisulphide is that of Dietz, as 
shown in Figure 45. This consists of an extraction tank B, 
in which is placed, between perforated plates at top and 
bottom, the material from which the oil is to be extracted ; 




Fig. 46. Dietz Apparatus for Extracting Oils. 

by means of a pump, carbon bisulphide, contained under 
water in the tank A, is passed through the extractor and so 
abstracts the oil from the material ; from the extractor, the 
carbon bisulphide containing the oil flows into the still or 
retort D, where the carbon bisulphide is distilled off by steam, 
and is condensed in the coil condenser and flows back into 
tank A to be used over again. Eesidual oil left in the still 
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D is run ofif from time to time by means of a discharge pipe. 
This plant is small and easy to work. 

Figure 46 is a drawing of a small plant which can be 
made in any convenient size and used with any kind of sol- 
vent . It consists of three portions. First, the centre vessel 




Extractor* 



Still. 



Fig. 46. Oil Extracting Plant. 

which forms the extractor. The material is put in at the 
top, which is fitted with a lid which can be tightly 
closed. In this extractor there is also a perforated false 
bottom, on which the fatty materials are placed. Under 
this is a retort or still which can be heated by steam. This 
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still communicates with the extractor by means of a tube, 
which proceeds from the bottom of the extractor and rise& 
up alongside it to nearly three-fourths of its height, and then 
turns down and enters into the still, ending near the bottom. 
From the top of the still a pipe passes to a condenser placed 
above the extractor, the end of the condenser worm passing 
into the top of the extractor. This plant is used in the 
following way : The fatty material is placed in the extractor 
and the required quantity of solvent in the still ; by meana 
of a steam coil the solvent is volatilized and passes into 
the condenser, where it is condensed, and flows as a Hquid 
into the extractor ; here it gradually accumulates, dissolving 
out the fat until its level rises above the level of the bend 
in the syphon tube, when it flows into the still ; here it get& 
volatilized again and passes through the same cycle of 
changes. The fatty matter which it had in solution, how- 
ever, is left behind in the still and can be run off from time to 
time, as required, through a discharge pipe placed on the 
bottom of the still. 

Another method of extracting, using benzoline, is to have 
two large upright boilers side by side. Each is divided into 
three portions by partitions — the middle portion is the ex- 
tractor and is provided with two manholes, one at the top for 
charging, the other at the bottom for discharging ; the lower 
portion forms the still and is fitted with steam pipes ; the 
top portion contains a condensing arrangement. This ap- 
paratus is used in the following manner : The extractors are 
filled with the oily material. Benzoline is placed in the still 
of one and is vaporized by means of a steam coil ; the vapour,, 
passing upwards into the condenser of the other boiler, is. 
there condensed to a liquid and flows down through the oily 
material into the still, carrying with it the oil. When all 
the benzoline has been vaporized off from the original still,. 
the action is reversed and the benzoline distilled back again ; 
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the oil it held in solution is, however, left behind in the still. 
The action is allowed to go on until all the oil is removed 
from the raw material. This is then run off from the still to 
a storage tank. 

The extraction of oils by means of volatile solvents is in 
itself very simple. The crushed seed or other oil-bearing 
material (dried fish, etc.) is placed in a closed vessel. Ben- 
zine, petroleum spirits, bisulphide of carbon, ether, or any 
other suitable solvent is passed through it, and allowed to 
flow into a retort, carrying with it the oil in solution and 
leaving the exhausted substances in the extractor or macerr 
ator. • The solvent in the retort is now distilled ofif and con- 
densed for re-use, while the pure oil is left behind in the 
retort. So far the process is very simple, but there are many 
diflBculties : one consists in recovering the solvent from the 
waste product in the extractor. * This part of the apparatus 
consists essentially of a large tank, with inlet and outlet 
pipes for the circulation of the solvent, and steam connexions 
to drive off the residual solvent after the material in it has 
been exhausted. 

These extractors must necessarily be of a considerable 
size, and when extraction has been completed, there is left 
behind a large bulk of residual material, starch and husk (in 
the case of seeds), saturated with solvent which ought to be 
distilled off before the extractor is emptied. This is necessary 
for two reasons. First, because the manufacturer could not 
afford to lose all this solvent ; secondly, because its vapours 
are inflammable, and might if allowed to escape freely be- 
come a source of danger. And herein lies the chief difficulty : 
the material left in the extractor is a bad conductor of heat, 
and therefore it is very difficult to heat the mass, when in 
large bulk, sufficiently throughout to ensure complete vola- 
tilization. To this a second difficulty is added, by the fact 
that the volatilization of the solvent has the tendency of 
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greatly depressing the temperature in those parts which are 
not easily reached by the heat of the steam. 

This difficulty is only partially overcome by admitting 
steam into the extractor, as what volatilizes in the lower part 
condenses again in the upper layers, until the whole mass is 
sufficiently heated throughout, which, on account of the non- 
conducting properties of the material, is achieved after many 
hours only. But when the solvent has to be thus driven off 
by live steam, the material is being cooked at the same time 
and when taken out is in a moist state, which in many cases 
is detrimental to what otherwise would be a valuable pro- 
duct. 

The residual meal is only fit for manurial purposes. 

Section E. 

Animal and Vegetable Lubricating Oils, 

Tallow. 

Tallow is or should be derived from the fat of cows, oxen, 
sheep, goats, and similar animals, the best fat being taken 
from the thicker deposits which surround the abdomen, 
known generally among butchers as the skin, although it is 
known by other names in some places. Anatomists call it 
the omentum. Tallow is also obtained from the fat surround- 
ing the large muscles, the kidneys, and the other organs of 
the body. Fatty matter can be and is obtained from other 
parts of the animal, such as the intestines, bones, etc., and 
such fat is often sold as tallow ; sometimes with a qualifying 
distinction as bone tallow ; at other times, and this wherever 
possible, without such a qualifying description. Whenever 
tallow is dealt in as tallow, it ought always to be understood 
as the fat obtained from the parts above-named, and the sale 
of any other kind of fat should be regarded as a fraud upon 
the buyer. 
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The deposit of tallow as it exists in the animal body is 
found to be contained in small cells or bladders of animal 
tissue. The reason for its being in this condition is that 
while being in fluid so as to move with every motion of the 
parts, yet it is not able to flow from the spot in which it is 
found. As it is taken from the body, the crude fat is known 
as butcher's fat, and is usually purchased from the butchers 
by the tallow refiner, who, if he be located in a large town> 
often distinguishes between **town fat," and ''country fat," 
the former being usually fresher, and therefore yielding a 
better quality of tallow than the latter. The idea or prin- 
ciple which underlies all processes for the extraction of the 
tallow from this rough fat is to separate out by some means 
the animal tissue from the actual fatty matter, a process, 
which is known as rendering. The various means which 
have been adopted to do this have been described (p. 133 
et seq.). 

Of fatty matters obtained from other parts of the animal 
body, the intestines give what is called ** tripe tallow," the 
feet yielding ** neatsfoot oil ". The processes for extracting 
these greases or fats do not differ essentially from those 
described above, but, as a rule, they are obtained by simply 
boiling the various parts of the animal in water, and skim- 
ming the fat which is obtained from the top of the water 
where it collects, whilst the tripe and feet are used as food. 

A great deal of fat largely used in making soap is now 
extracted from bones, and sold as **bone grease," **bone 
fat," ** bone tallow," and not seldom, wherever possible, as 
tallow. All bones do not contain tallow or fat ; the best are 
cows' and bullocks' shank bones, which are hollow, and con- 
tain a fairly large proportion of good fat, often separately ex- 
tracted and sold as *' marrow tallow ". The more solid bones 
found in the animals do not contain much fat, and scarcely 
pay for its extraction. Horses' bones contain so little fat they 
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are not worth the process of treatment. In dealing with 
bones it is therefore worth while to sort them into those 
which are worth treating for the fat and those which are not 
worth so treating. The method of extraction is given on p. 142. 
Tallow comes into this country from all parts of the 
world. Now it is a well-known fact with regard to natural 
products obtained from various localities that they vary 
somewhat in appearance, colour, odour, and consistence, etc., 
to say nothing of minor differences in chemical composition. 
Tallow is no exception to this rule, hence in the tallows 
which are sent into England from North America, Australia, 
Eussia, India, etc., there are certain minor differences by 
which experts can tell the locality from which \the tallow 
came. There can scarcely be any doubt but what these dif- 
ferences are caused by the character of the food oh which the 
cattle feed in the various localities, and which must vary to 
a great extent. Commercially, tallows are distinguished ac- 
cording to their country of origin, and of the cattle — oxen or 
sheep, or into beef or mutton — from which they are obtained. 
Eussian tallow comes chiefly from Cronstadt, Odessa, Tagan- 
rog, and St. Petersburg. It is derived chiefly from oxen, 
and is a hard, yellowish tallow, better suited for candlemakers 
than for soapmakers. A large proportion of the Eussian 
tallow finds its way from Siberia, but no distinction is made 
between this tallow and that from other parts of Eussia. 
South America sends both *'beef " and ** mutton ** tallow. 
It is chiefly shipped from the Eiver Plate ports. It is of a 
strong yellow colour, and usually of fair quality, and service- 
able for all uses. North American tallow is of very good 
quality, rather paler in colour than South American, and is 
the favourite tallow of soapmakers. It is mostly **beef " 
tallow that comes from North America, but ** mutton" 
tallow is also sent over. Australia also sends large quantities 
of both **beef" and ** mutton" tallow to England of fairly 
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good colour and quality. The value of the tallow depends 
on its consistence — the harder the tallow and higher its melt- 
ing point, the more valuable it is. These points vary very 
much within certain limits, which will be presently pointed 
out. 

The chemical composition of tallow varies somewhat ac- 
cording to the method of feeding and the locality as well as 
the kind of tallow. Tallow consists essentially of the two 
glycerides, olein and stearin, the latter predominating, form- 
ing from 60 in soft to 80 per cent in hard tallows. Margarine 
is alsQ probably present in some tallows, while there are also 
nearly always small quantities of animal tissue, colouring 
matter, water; but these should not altogether amount to 
more than from ^ to 1 per cent of the total. Beef tallow 
contains more olein than mutton tallow, so that it is rather 
softer in consistence, and therefore better adapted for soap- 
making and lubricating and for making tallow oil, whereas 
nautton tallow is more suitable for the candlemaker. The 
specificgravity of beef tallow ranges from 0*935 to 0'939, while 
that of mutton tallow ranges from 0-937 to 0*940 at 60° Fahr.° 
(15° C.) ; while at 212° Fahr. (100° C.) the specific gravity is 
from 0'860 to 0*862. The melting point of tallow varies very 
considerably, usually ranging from 36° to 49° C. (97° to 120° 
F.}r-the lower limit is that of a soft tallow, while the higher 
limit is a hard tallow. 39° C. (102° F.) is the average melting 
point of tallow. After being melted it begins to solidify at 
rather low temperatures, from 33° to 46° 0. (115° F.), but at 
the moment of solidifying the temperature rises a few degrees. 
When pure, tallow should be white, fairly firm, and without 
much odour and taste. It is soluble in from 40 to 44 times 
its volume of alcohol. Generally it contains a small quantity 
of free acid, ranging from 0*75 to 7 per cent, although occa- 
sionally samples with larger quantities are met with. For 
soapmaking, the presence of free, fatty acid is not detrimental, 
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but rather otherwise; but for lubricating machinery it is de- 
cidedly disadvantageous. 

When melted tallow is allowed to cool very slowly at a 
temperature of not less than 27° to 30° 0. (80° to 86° F.), it 
forms a granular mass, the stearin crystallizing out in the 
form of small nodules which can be separated out from 
the more fluid mass by pressure. The process is known 
as ** seeding," and is largely applied to the separation of 
the stearin of the tallow for use in making candles, while 
the liquid which passes through the press is known as 
" tallow oil,'* and is used for lubricating machinery and soap- 
making. 

When boiled with caustic alkalies, tallow is converted 
into soap. Of caustic soda, tallow usually takes about 13*79 
to 13*85 per cent to completely saponify it, while of caustic 
potash it requires 19*32 to 19*38 per cent. The alkalies 
being in both cases taken as being chemically pure, of the 
ordinary commercial products more will be required, accord- 
ing to the strength of the article, which vanes very much. 
When the soap formed by boiling tallow and alkali together 
is treated with acid, the fatty acids of the tallow are sepa- 
rated and usually are found to amount to 95 per cent of 
the tallow used. The melting point and specific gravity of 
these fatty acids vary with the quality of the tallow. (See 
p. 178.) 

Tallow is frequently adulterated. Among other bodies 
have been used soft fats from other parts of the animal, such 
as bone or tripe tallows, cottonseed oil, seal oil, stearin from 
wool grease, among fatty matters, to say nothing of china 
clay, starch, and similar products. It is by no means an easy 
matter to detect some of these adulterants; cottonseed oil 
stearin is very difficult to detect. The specific gravity of the 
fat at 100° C, the melting point, is also some guide, while the 
large proportion of solid fatty acid would be a clue to its 
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addition. Cottonseed oil can be detected by its reducing the 
specific gravity, melting point, and increasing the proportion 
of liquid fatty acids, as well as by the silver nitrate and iodine 
test. Stearin from wool grease can be detected by the tallow 
containing a large proportion of fatty acid, as well as by the 
silver nitrate test. Bone grease can be detected by the tallow 
containing phosphate of lime, which is a characteristic in- 
gredient of bone grease. The addition of such matters as 
china clay and starch can be detected by melting the tallow 
and allowing these insoluble matters to settle out. Such 
forms of adulteration are now rare, and show unskilful work 
on the part of the adulterator. Paraffin wax and scale and 
mineral oil are sometimes added ; these may be detected by 
their reducing the percentage of potash required to saponify 
the tallow, by the sample having a low flash point (under 
400° F.), while the amount can be ascertained by the test de- 
scribed in the chapter on Oil Analysis. 

Tallow is now rarely used for lubricating machinery. At 
one time it was largely used for lubricating steam engine 
cylinders, but it has been superseded by the petroleum 
cylinder oils (p. 110). It is used now in small quantity for 
lubricating heavy engine bearings — ^bearings of rolling mills. 
— and for making lubricating greases. 

Constants op Tallow. 

Specific gravity at 16° C. (60° F.) . . . 0-948 to 0-942. 

„ 60° C. (122° F.) . . . 0-895. 

„ 100° C. (212° F.) . . . 0-862. 

Melting point, 42° to 46° C. (107° to 116° F.). 

Solidifying point, 86° C. (98° F.). 

Insoluble. fatty acids (Hehner value), 95 to 96 per cent. 

Saponification value (Eoettstorfer test), 19-8 to 20 per cent. 

Iodine (Hubl test), 89 to 44 per cent (absorbed). 

N 
Reichert value, 0-25 c.c. j^ KOH. 

The viscosities of the several oils in this chapter are indicated by the 
time in seconds, by Hurst's viscosimeter, of the flow of 50 c.c. 
of the various oils at the temperatures given. 
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Viscosity at 120^ F 53. 

„ 150° F 35. 

„ 212° F 26. * 

Flash point (Open test) 600° to 560° F. 

Constants of Fatty Acids from Tallow. 

Specific gravity at 100° 0. (212° F ), 0-8698. 
Melting point, 43° to 44° C. (108° to 110° F.). 
Solidifying point, 42° to 43° 0. (107° to 108° F.). 
Molecular weight (combining weight), 284. 
Iodine value, 40 per cent. 

Tallow Oil. 

TaUow oil is obtained from tallow by melting and keeping 
the tallow in a warm room at about 80" to 90° Fahy. for some 
hours. The stearin it contains crystallizes out in the form 
of small granular particles ; hence this process is known as 
** seeding". The seeded tallow is then placed in canvas 
cloths and put under hydraulic pressure, when the olein it 
contains comes out together with a little of the stearin and 
forms the tallow oil of commerce. It is also sold under the 
names of ox oil, animal oil, etc. Its chief use is for lubri- 
cating machinery, but it is used for making soap — when a 
white soap, rather soft and more soluble than a tallow soap, 
is required. Tallow oil varies much in consistence. Some 
samples are more fluid than others. This depends upon the 
proportion of stearin which the oil contains. If there is 
much, then the oil is solid ; if little, then the oil is liquid. 
The specific gravity varies for the same reason from 0*911 to 
0*915. Tallow oil contains a varied proportion of free acid 
from none in well-prepared samples to 15 to 16 per cent in 
others. Tallow oil should be quite white when cold, or have 
at the most a faint yellow tint. When melted, it ought to 
be quite clear and bright, free from any cloudiness or broken 
particles of any kind. It has only a very slight odour of an 
animal fat 
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It is employed as a lubricating oil for shafting and heavy 
• bearings, and is often mixed to the extent of 10 per cent 
with mineral oils to form spindle oils and loom oils, for which 
it answers very well. 

Tallow oil has a viscosity at 100° Fahr. of 65, at 150" 
Fahr. of 32, and at 212" Fahr. of 23. Flash point, 475° Fahr. 
to 500° Fahr. varying with the quality. 

Constants of Tallow Oil. 

Specific gravity at 60° F 0-916. 

„ 212° F 0-876. 

Insoluble fatty acids (Hehner value), 95 to 96 per cent. 
Saponification value (Eoettstorfer test), 19*3 to 19*8 per cent. 

Viscosity at 100° F 65. 

„ 150° F. ....... . 82. 

„ 212° F 23. 

Flash point (open test) 500° F. 

Lard Oil. 

Lard oil, like tallow oil, is not much used in soap-making, 
finding its principal use in lubricating machinery. It is pre- 
pared from lard in the same way as tallow oil is made from 
tallow. It resembles the last oil in its properties and uses. 
It is if anything rather lighter in colour and has less odour, 
which resembles that of lard. It is used in lubricating ma- 
chinery, chiefly for mixing with mineral oils in the prepara- 
tion of spindle and loom oils, usually 7^ to 10 per cent being 
added. It works well. 

Neatsfoot Oil. 

This oil is obtained from the feet of cows and sheep. 
These are skinned, then boiled in water, when the fatty 
matter they contain collects on the surface of the water and 
is skimmed ofif from time to time and sold as neatsfoot oil. 

Occasionally it is subjected to a purifying process which 
consists in boiling it up with water. 
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Neatsfoot oil makes its appearance either as a turbid or a 
limpid oil. In winter time it will become solid from deposi- 
tion of stearin. Its odour is pleasant, its taste sweet. Its 
properties are practically identical with those of other animal 
oils obtained from the cow or the sheep, and it is often diffi- 
cult to distinguish between such oils. 

The specific gravity is usually about 0*912. It takes 19 
per cent of caustic potash to saponify it. 

Neatsfoot oil was at one time largely used for lubricating 
steam engine cylinders, but its use for this purpose is now 
limited. It is not used by itself as a lubricating oil, but is 
often mixed with hydrocarbon oils to form loom, spindle, 
or shafting oils. Its lubricating powers are good, and as 
it is fairly free from free acid it does not corrode the. bear- 
ings. 

Vegetable Oils. 
Palm Oil. 

Palm oil is obtained from the fruit of various palm trees, 
natives of the, oil regions of the West Coast of Africa. The 
tree which yields the largest proportion of the palm oil of 
commerce is the Elaiis Guinensis. The fruit of the palm is 
about the size of a small plum and hangs in branches from 
the trees. Like the plum it contains an outer pulpy mass 
or pericarp and an inner kernel. From the outer pulp is 
obtained palm oil, while the kernel yields palm nut or palm 
kernel oil, also used in soapmaking, but which has different 
properties to palm oil. 

The natives of the oil regions employ a variety of methods 
for the purpose of extracting the oil from the fruit. The 
commonest plan consists in stacking the nuts as they are 
taken from the trees in heaps for from seven to ten days, 
when, by the decomposition of some of the vegetable tissue 
surrounding the husks of the nuts, the husk can be readily 
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removed, leaving the internal pulp and kernel. The pulp 
is of rather a hard nature, and to soften it the nuts, after 
being husked, are thrown into pits and plantain leaves 
covered over them, then with earth and palm leaves. In 
this condition they remain for a period varying from three 
weeks to three months, according to the fancy or practice of 
the particular tribe of Africans who are making the oil. At 
the end of the period named the pulp will have been 
converted into a soft mass. It is now thrown into pits 
lined with stones, where it is subjected to a pounding process 
whereby the pulp is separated from the kernels. The former 
is now thrown into boiling pots and boiled with water, 
when the oil rises to the top and is skimmed off, any 
vegetable tissue which may accompany the pulp passing 
into the water ; or the oil may be separated from the 
vegetable by heating it with the water so as to melt the 
oil, and then squeeze the mass into bags, when the oil 
flows out. The quality and consistence of the product 
depend partly on the particular species of palm from which 
it is made, but as to this point definite information is 
lacking; but more particularly upon the care with which 
the process of extraction has been carried out, and the length 
of time the fruit is allowed to remain in the pits. A long 
steeping results in the oil being harder, but at the same 
time its quality is materially decreased, it acquires a rancid 
odour, its colour is not so bright, and it contains much free 
acid indicating that a decomposition into acid and glycerine 
has taken place. A short steep gives an oil of a sweet odour 
and a bright colour. The process of extracting palm oil 
being as crude as it can well be, it is evident that the 
commercial article is far from being all pure fat. It must 
contain some trace of vegetable tissue, etc., which being 
very hable to ferment will in course of time gradually 
bring about the decomposition of the oil, resulting in 
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its becoming more or less rancid, and losing its odour and 
colour. 

Palm oil is a solid oil about the consistence of butter. 
It has an orange to golden yellow colour, which is highly 
characteristic but is liable to vary very much. Salt Pond 
and Brass oils have usually a brownish colour, Lagos oil is 
a bright orange, Sierra Leone is rather redder, New Calabar 
oil is a golden yellow ; the colour is probably dependent upon 
the species of palm from which the oil is obtained in the first 
instance, and partly on the process of extraction. Lagos oil 
is the best and most neutral quality, the proportion of free 
acid it contains rarely exceeding 10 per cent, and the i amount 
of water and other impurities not more than 2 per cent, and 
in consistency it is the softest of palm oils. Brass, so far as 
impurities are concerned, comes next to Lagos oils. It is the 
hardest of the palm oils, and on that account is the quality 
most in favour with candlemakers. It usually contains a 
large percentage, 53 to 65, of free fatty acid, and by far 
the largest proportion of palmitic acid of any variety ; hence 
its hardness. Salt Pond palm oil is one of the worst varieties ' 
of palm oil to be found in the English market, the amount 
of impurities often being found to amount to 20 per cent ; 
while the free acid has been found by Norman Tate to be as 
high as 80 per cent, indicating that little actual oil is present. 
The colour and odour are usually poor. Half Jack, Bonny, 
New Calabar oils occupy intermediate positions between 
these oils in hardness and quality generally. Palm oil has 
a peculiar and violet-like odour, which is communicated to 
the soap which is made from it. 

Chemically, palm oil consists of a mixture of palmitin and 
olein in various proportions, with varying quantities of free 
palmitic and oleic acids. The specific gravity of palm oil at 
15° C. varies from 0*920 to 0*926. The specific gravity at 
100° C. ranges from 0*857 to 0*859, The melting point is 
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exceedingly variable, ranging from 25° to 36° C. (77° to 97° 
F.), the solidifying point being a few degrees less. When 
saponified, palm oil yields from 94 to 97 per cent of fatty 
acids, the setting points of which range from 41° to 46° C. 
(106° to 113° F.), the combining equivalent fiom 273 to 274 ; 
palm oil takes from 19*6 to 20 2 per cent of caustic potash, 
KOH, or from 14 to 14*4 per cent of caustic soda, NaOH, to 
saponify it. 

Palm oil is mostly used in the form of greases in the 
lubrication of machinery (see chapter vii.). It is rarely used 
by itself or in admixture with mineral oils as is tallow. The 
great variation in its quality and the Corrosive action of 
any free acid it may contain on the bearings of machinery 
are obstacles to its use. 

Constants of Palm Oils. 

Specific gravity at 15° 0. (60° F.) . . . . 0-920 to 0-924 
„ 60° C. (120° F.) . . . . 0-893 
„ 100° C. (212° F.) ... 0-8586 

Melting point from 27° to 42° C. (80° to 107° F.). 

Hehner value (insoluble fatty acids), 96*5 per cent. 

Saponification value (Eoettstorfer test), 20*2 per cent KOH. 

N 
Reichert value, 0*6 cc. jp.KOH. 

Iodine value (Hubl test), 51 to 52 per cent. 

Viscosity at 100° F 55 

„ 120° F 84 

„ „150°F 28 

Constants of Fatty Acids from Palm Oil. 

Specific gravity at 100° C. (212° F.), 0-8869. 
Solidifying point, 455° C. (118-5° F.). 
Melting point, 60° C. (122° F.). 
Saponification value, 20*6 per cent KOH. 
Combining equivalent (molecular weight), 270. 

Palm Nut Oil. 

The nuts or kernels of the fruit are collected and imported 
in large quantities into this country for the purpose of press- 
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ing the oil from them. Iq some places a very crude method 
is in use for the extraction of the oil. The nuts are put into 
a pan over a fire and charred slightly, some of the oil exudes 
and is poured off; the roasted nuts are now ground and 
boiled with water ; the oil they contain rises to the top and is 
skimmed off ; after a short boil the mass of kernel meal is 
again ground up, mixed with a little water, and mixed up 
again and boiled up, when more oil is obtained. This is 
skimmed off as before. The oil obtained by this process is 
of a dark colour. 

Palm nut oil is of a white or faintly yellowish colour, of 
consistency similar to butter. In odour it resembles coconut 
oil, from which it can hardly be distinguished. The melting 
point ranges from 26° to 30° C. (78° to 86° F.). Much de- 
pends upon the proportion of oil obtained from the kernel. 
The first portions which are pressed out are the softest, and 
have the lowest melting point ; the last portions are hardest, 
and have the highest melting point. It takes from 22 to 24 
per cent of caustic potash, or from 15^ to 17 per cent of 
caustic soda to saponify it. In this respect it resembles 
coconut oil, to which it approximates in composition by con- 
taining a large proportion of the lower fatty acids, lauric, 
capric, capryllic, and caproic acids, but not to so great an 
extent as does coconut oil. Oudemans gives the following 
analysis of palm nut oil : — 

Glyceride of oleic acid 26*6 

Olycerides of stearic, palmitic, and m3rTistic acids . . 33*0 

Glycerides of lauric, capric, capryllic, and caproic acids . 40*4 

Palm nut oil is fairly free from free acid, and is not liable 
to become rancid readily. In its specific gravity at both 60° 
and 212° Fahr. it closely resembles coconut oil. 

Palm nut oil is largely used in soapmaking in the place 
of coconut oil, but rarely in lubricating machinery. 

Palm nut oil is adulterated with lard, tallow, and other 
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cheap fats and oils. Such adulteration can be detected by 
means of the saponification value and the distillation test, 
which will suffice to detect any adulteration. 

Constants of Palm Nut Oil. 

Specific gravity at 15° C. (60° F.) . . . . . 0-952 

„ 40° C. (105° F.) 0-9119 

„ 100° 0. (212° F.) 0-8731 

Solidifying point, 20-5° C. (71° F.). 

Melting point, 27° to 28° 0. (79° to 80° F.). 

Hehner value, 91-1 per cent. 

Saponification value (Koettstorfer test), 24 per cent KOH. 

Reichert value, 2-4 c.o. ^ KOH. 

Iodine value, 10 to 18 per cent. 

Viscosity at 100° F 41 

„ 150° F 28 

„ 212° F 28 

Constants of Fatty Acids of Palm Nut Oil. 

Solidifying point, 20° to 23° C. (71° to 76° F.). 
Melting point, 25° to 28° C. (77° to 80° F.). 
Saponification value, 25 to 26 per cent KOH. 
Combining equivalent (molecular weight), 211. 
Iodine value, 12*07 per cent. 

Coconut Oil. 

Coconut oil is the product of the familiar coconut, or 
cocoa nut, as it is sometimes called, the fruit of the coco 
palm — cocos nuoifera. 

The fruit of this palm is a very useful product. It is of 
large size ; the outer portion consists of a fibrous mass which 
is made into ropes, mats and carpets. Inside this is the nut 
proper, consisting of a hard outer portion only useful as fuel. 
Inside this is a layer of pulpy matter of a white colour, 
which is that portion of the fruit patronized by the young 
idea at fair times. The central portion of the fruit is occu- 
pied by a milky fluid. The pulp is of a very oily nature, the 
proportion of oil usually averaging over 50 per cent. This 
pulp is dried by exposure to the air, and in that condition 
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is known as **coprah," and is imported into this country in 
large quantities for the purpose of extracting the oil out of it. 
The native method of extracting the oil consists of heating 
the pulp with water, when the oil rises to the top and is col- 
lected. Another method commonly followed when inferior 
qualities of oil are wanted is to heat the pulp with a little 
more water so as to render the oil more fluid, and then to 
subject the mass to pressure in a rude kind of oil-press worked 
by oxen. In some places the pulp is dried and then grated by 
means of cutting machines, and this after being heated with 
water, is pressed, yielding a large quantity of a good quality 
of oil. 

Coconut oil comes into this country from many places 
in South Eastern Asia. The best is that from Ceylon; 
Cochin China oil ranks very close behind ; Malabar oil is of 
a very good quality ; Manilla oil is good ; some comes from 
Mauritius and the Fiji Islands. 

In this country coconut oil is pressed from coprah. 
Coconut oil makes its appearance in this country in the 
form of a white but soft fat. In the Asiatic countries it is a 
water- white, rather Umpid oil. It melts at from 20"* to 25'' 
C. (68' to 77° F.); its specific gravity at 60° Fahr. is 
0-931 ; at 212° Fahr. it is 0-870. Its odour is pleasant and 
characteristic, resembling that of the coconut. It is liable 
to become rancid, when its odour becomes more pronounced. 
It is fairly easily saponified, especially by strong alkaline 
lyes, and on that account it is much employed in the manu- 
facture of soaps by the cold process. It takes from 24-5 to 
26 per cent of caustic potash, or from 17-4 to 18-7 per cent 
of caustic soda, to completely saponify coconut oil, a larger 
amount than is required for any other known fat. 

Coconut oil is one of the most complex oils known as 
far as regards its chemical composition. The principal fatty 
acid present is lauric acid, HC12H23O2 ; there is also present 
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caproic acid, HCgHnOg. These acids are all soluble in 
water, and are volatile when distilled with steam or water. 
It is the presence of these acids which causes coconut oil 
to require so much alkali to saponify it and to form a soap 
which works with hard water, for the lime salts of these fatty 
acids are, comparatively speaking, soluble in water, and the 
alkali soaps are much more freely soluble in saline solu- 
tions than is the case with alkali salts of oleic or stearic 
acids for example. There are also present in coconut oil 
stearic acid, HC18H35O2 ; palmitic acid, HC16H31O2 ; myristic 
acid, HC14H27O2, with smaller quantities of other acids of 
the same series. There are but comparatively small quanti- 
ties of the acids of the oleic series. Of course it should be 
understood, in speaking of fatty acids in coconut oil, that 
these do not exist as free acids, but in the form of glycerides. 
Laurie acid has a combining weight of 200. The combin- 
ing weight of the fatty acids which can be extracted from 
coconut oil by saponifying and liberating the acids with 
sulphuric acid ranges from 196 to 204. When these fatty 
acids are distilled with water, the distillate possesses an acid 
reaction due to the volatile or soluble acids coming over : 
the acidity from 100 parts of oil is equal to 0'78 to 0'83 of 
caustic potash. Butter and palm nut oil have a similar 
composition. Coconut oil has very little power of absorbing 
iodine or bromine; of the former it takes up 8'9 to 9 per 
cent, of the latter 5*7 per cent. It yields from 12 to 13 per 
cent of glycerine, and from 94 to 96 per cent of fatty acids. 
Coconut oil is rarely adulterated, and then chiefly with 
animal fats and greases, with solid vegetable fats and stearins. 
Any such adulteration would not be very difficult of detec- 
tion. The odour, alteration of the saponification value, re- 
duction of the specific gravity at 212° Fahr., and reduction 
of the amount of volatile acids will suffice to detect such 
adulteration. 
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Coconut oil is used in India and other eastern countries 
for lubricating machinery and gives very good results, especi- 
ally on light-running machinery. In this country it is often 
used, mixed with hydrocarbon oil, as a spindle or loom oil, 
for which purpose it works well. 

Constants op Gocondt Oil. 

Specific gravity at 16° G. (60°F.) 0-930 

„ 40° 0. (106° F.) 0-9116 

„ 100° G. (212° F.) 0-8736 

Solidifying point, 16° to 20° C. (60° to 70° F.). 

Melting point, 20° to 28° G. (70° to 80° F.). 

Saponification value (Koettstorfer test), 26 to 26 per cent KOH. 

Hehner value (insoluble fatty acids), 83 to 88 per cent. 

Keichart value, 3*6 cc. H KOH. 
10 

Iodine value (Hubl test), 8*9 to 9-3 per cent. 

Viscosity at 100° F. 40 

» ,, 120° F 27 

„ 160° F 22 

Constants of Fatty Acids fbom Coconut Oil. 

Specific gravity at 100° C. (212° F.), 0-8364. 
Solidifying point, 20° C. (70° F.). 
Melting point, 24° to 26° C. (76° to 77° F.). 
Combining equivalent (molecular weight), 196 to 206. 
Iodine value (Hubl test), 9*3 per cent. 
Iodine value of liquid fatty acids, 64 per cent. 

Castor Oil. 

Castor oil is obtained from the seeds of the castor oil plant, 
Bicinus communis, a native of;;India, where it grows luxuriantly. 
The plant is a pretty common one in English conservatories, 
and so is familiar to most persons. The seeds are of a com- 
paratively large size, and of a greyish colour and very lustrous. 
They contain a large proportion of oil, nearly 50 per cent, 
which is extracted by pressure in the usual way, or by boil- 
ing the seeds in water. Several qualities are recognized. 
That first extracted by pressure is the best, and sold chiefly 
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for pharmaceutical purposes ; the lower grades for lubricating 
oil and soap, and the average commercial qualities are im- 
ported from Calcutta, Madras, Bombay, and France. What 
is known as first pressure, French, is about equal in quality 
to what is known as second quality, Calcutta. 

Castor oil is a thick, viscid oil. In colour, it varies from 
colourless in the pharmaceutical product, to a greenish yellow 
in the poorer sorts. Its specific gravity ranges from 0*960 
to 0-970 ; the average being 0-964. Occasionally samples are 
met with having a specific gravity below 0960, but such are 
rare. The odour varies considerably ; the best qualities are 
fairly free, but the poorer sorts have a nauseous odour. The 
taste also varies in the same way; the common qualities 
have a peculiar, nauseous taste, from which the best are free. 

It does not begin to become solid until a temperature of 
- 18° C. (0° F.) is reached, and even then only a few flakes 
are deposited. This oil is distinguished from other fatty oils 
by its peculiar physical and chemical properties; it has a 
very high specific gravity, a high viscosity. The relative 
viscosities of castor and sperm oil are as 1248 and 58*5 re- 
spectively, at 70° F., which figures will <5onvey some idea of 
the viscid character of the oil. It is readily soluble in alcohol, 
1 part in 4 of rectified spirits at 15° C. (60° F.). This enables 
an addition of other oils to be detected. On being heated, 
castor oil will mix with, or become soluble in, the petroleum 
spirit or mineral oil, but as the temperature cools down again 
the two liquids separate out.^ 

^ This statement is not in accordance with the experience of the editor^ 
who has mixed petroleum spirit with an equal volume of castor oil in the cold, 
and there is no sign of separation after some days. A mixture of Bussian No. 
1, with a like proportion of castor and heated up, on cooling shows signs of 
separation after a short time. Lewkowitsh, 1895 edition, p. 848, makes & 
general statement : " Castor oil is nearly insoluble in petroleum ether, kerosene, 
and paraffin oils. At a temperature of 16° G. as little as 0*5 per cent of castor 
oil in these solvents causes a turbidity. However," he continues, '* castor 
oil gives a homogenous solution with an equal volume of petroleum ether, or 
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Castor oil consists of a little palmitin which separates out 
when the oil is cooled down, and the glyceride of a pecuUar 
(ricinoleic) acid, which has hitherto only been found in 
castor oil. This acid has the composition shown in the 
formula C17H32OHCOOH. It differs from other fatty acids 
in containing three atoms of oxygen, and there is reason for 
thinking that this extra atom of oxygen is combined with an 
atom of hydrogen in the form of hydroxyl, as shown in the 
formula given above. Kicinoleic acid is therefore an hydroxyl 
fatty acid. The presence of this hydroxyl group gives to 
ricinoleic acid the property of forming, with sulphuric acid, 
ethers. On this property is based the use of castor oil in the 
preparation of olein oil for calico printers* use. Castor oil 
yields about 9*1 per cent of glycerine and 96'1 per cent of 
fatty acids. These have a combining weight of 306 to 307, 
and a specific gravity of 0*950 to 0*951 at 60° Fahr. They are 
thick, viscid, and of an oily appearance, and besides containing 
ricinoleic acid contain palmitic acid. 

It takes from 17*5 to 18 per cent of caustic potash 
or from 12*5 to 13*3 per cent of caustic soda to saponify it, 
these quantities being rather less than is usual with the 
oils. 

Castor oil is used with some degree of success in lubri- 
cating very heavy and quick-running bearings of machinery : 
in such there is usually great friction accompanied by some 
heating, and castor oil • resists those influences better than 
most other oils. 

Castor oil cannot be mixed with hydrocarbon or mineral 
oils ; it can be mixed with other fatty oils. 

a volume and a half of kerosene or paraffin oil ; if more of the solvents is used, 
any excess will float on the top of the mixture. This characteristic insolu- 
bility is lost at the ordinary temperature when castor oil is adulterated with a 
small quantity of a soluble oil." 

13 
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Constants of Castob Oil. 

Specific gravity at 16° C. (60° F.). . . . 0*960 to 0-966 

100° C. (212° F.). . . . 0-9096 

Solidifying point, - 17 to - 18° C. (1° to 8° F.). 

N 
Reiohert value, 1*6 c.c. — - KOH. 

Saponification value (Koettstorfer test), 17*8 to 18 per cent KOH. 

Iodine value (Hubl test), 83*6 to 84 per cent. 

Acetyl value, 153*4 per cent. 

Maumene test, 46° C. 

Viscosity at 70° F. . . . . : . . . 1220 

100° F , 270 

120° F 170 

150° F 129 

Constants of Fatty Acids of Castob Oil. 

Specific gravity at 15° C. (60° F.). .... 0-9509 

100° C. (212° F.) 0-896 

Solidifying point, -3° C. (27-6° F.). 
Melting point, (13° C. 57° F.). 
Molecular weight (combining equivalent), 292. 
Iodine value (Hubl test), 90 per cent. 

Olive Oil. 

The olive is the fruit of the tree Olea Europea, which 
grows very abundantly in those countries of Europe, Asia, 
and Africa that border on the Mediterranean. It is exten- 
sively cultivated in Italy, North Africa, Grecian Archipelago, 
Spain, and Asia Minor, from all which places olive oil is ex- 
ported. The olive is a fruit resembling the plum, and of 
about the same size. There are certain variations of the 
olive grown in different localities due to climatical differences 
and in the mode of cultivation. The fruit is collected when 
just ripe, and in that condition it yields the finest quality of 
oil. Olive oil is yielded by the pericarp or pulp which sur- 
rounds the kernel. The kernel also is capable of yielding 
oil, but it is interesting to note that the oil yielded by the 
kernel is different to that given by the pulp. The olive oil 
is obtained from the fruit by pressure ; some portion is also 
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separated by use of solvents. The simplest method which 
has been in use for a long time consists in pressing in a 
primitive mortar, and separating the oil which flows out. 
Generally the pulp is put into a large tub or tank and 
subjected to pressure. The oil which flows out is known as 
"virgin oil'*. It is of fine quality, and used chiefly for 
edible purposes. There is a considerable proportion of oil 
left in the pulp, and this is usually extracted by boiling the 
pulp with water, then subjecting the residual pulp to a 
second pressure. A rather poorer quality of oil is thereby 
obtained. This quality of oil is chiefly used for lubricating, 
soapmaking, and general industries. A poorer quality is 
often got by subjecting the residual cake from this second 
pressing to extraction by means of bisulphide of carbon. 
This gives a lower grade of oil used for the commonest 
purposes, and generally known as ** sulphur " olive oil. 

One of the troublesome processes in the making of olive 
oil is the separation of the oil from the watery juice after it 
comes from the oil press. The universal custom is to collect 
this mixture of water and oil as it drips from the press and 
leave it for several hours, then to skim off the oil that has 
risen to the top by reason of its lower specific gravity. This 
skimming must be repeated every few hours till the oil is 
entirely separated, for if not at once removed it begins to ac- 
quire a bad taste from the fermentable substances contained 
in the water. Besides the necessary labour, this process 
requires a large room and a very expensive outfit of large 
tanks. In order to avoid all this expense and trouble an 
apparatus has been made that performs the work automatic- 
ally and continuously, enabling the oil maker to have clear, 
clean oil within two minutes from the time it leaves the 
press. The apparatus, shown in Figure 47, consists essen- 
tially of a tin tank about four feet high by two in diameter. 
This tank is kept constantly full of fresh water by means of 
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a pipe connected with some adequate supply, the level being 
regulated by means of stopcock outlets. The juices and oil 
from the oil press, charged with oil in an emulsified state, are 
made to flow into the tank near the bottom, through a small 
" drum " perforated on the top, from which a stream of fresh 




Fio. 47. Oil Separator. 

water escapes in vertical jets. These two currents of oil and 
fresh water at once mix, and the oil passes upwards by reason 
of its lightness. Being in very small drops, it is washed of 
its heavier impurities (tissue, colouring matter, etc.), and 
reaches the top of the column of water in an almost perfect 
clean state, having left all grosser impurities to be carried oflf 
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through an escape pipe at the bottom. When sufficient oil 
has been collected at the top, a stopcock is opened, and the 
oil runs oflf, ready to be clarified. 

Olive oil varies considerably in its quality. The best oils 
have a yellowish colour, while some of the inferior qual- 
ities are of a greenish brown tint. In some cases the oil 
has a greenish tint. The specific gravity ranges from 0*916 
to 0*919 at 60° Fahr., the presence of much free acid lowering it. 
The best quality of olive oil contains usually about 2 per cent 
of free acid. Certain grades of what are known as " huiles 
tournants,** prepared from very ripe and fermented fruits, 
which are largely used in dyeing, contain as much as 25 per 
cent of free acid. The odour of olive oil is pleasant and 
peculiar ; the taste is sweet and bland. When cooled down, 
olive oil deposits stearin and becomes solid at 6° C. (23° F.). 
It requires from 19*1 to 19*06 per cent of KOH to saponify 
it. It absorbs iodine, and when mixed with sulphuric acid 
gives rise to an increase in temperature of 41° to 45° C. One 
property of olive oil is that, when mixed with nitrous acid or 
nitrate of mercury, it becomes solidified, being converted into 
elaidin. This property is not possessed to the same degree 
by any other oil. Olive oil is largely adulterated, the usual 
adulterants being cotton seed oil and mineral oils, but the 
character of the adulteration varies from time to time. The 
presence of cotton seed oil tends to increase the specific 
. gravity, that of mineral oils tends to reduce it, while at the 
same time their addition reduces the flashing point of the oil. 
To determine the purity of olive oil regard must be paid to 
the specific gravity, flashing point, Koettstorfer test, Hubl- 
iodine value, and the Maumene sulphuric acid test and elaidin 
test. 

Olive oil is not as largely used now for lubricating ma- 
chinery as formerly. It is often added to mineral oils in pre- 
paring spindle and loom oils. When free from acid it is a very 
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good lubricaDt and works well. Olive oils which contain a 
large proportion of free acid are not suitable for lubricating 
machinery, the free acid having too strong an action on the 
machinery, forming soaps which cake on the bearings, and 
increase vibration and friction. 

COKSTANTS OP OlIVB OiL. 

Specific gravity at 16« C. (60° F.) . . . . 0-916 to 0-919 

100° C. (212° F.) .... 0-862 
Solidifying point, 6° G. (23° F.). 
Insoluble fatty acids (Hehner value), 95*4 per cent« 

Reichert value, 0-3 c.c. ^ KOH. 

Saponification value (Koettstorfer test), 19*1 to 19*6 per cent KOH. 

Iodine value, 80 to 88 per cent. 

Maumene test, 41*5° to 45° G. 

Viscosity at 70° F 120 

100°F 60 

120°F 46 

150°F 30 

GONSTANTB OF FATTY AcIDS FBOM OuVB OiL. 

Specific gravity at 100° G. (212° F.), 0-8749. 

Solidifying point, 21° G. (70° F.). 

Melting point, 26° G. (79° F.). 

Molecular weight (combining equivalent), 280. 

Iodine value, 86 to 88 per cent. 

Eape and Colza Oil. 

The oils known under these names are obtained from 
various species of Brassica, the rape and the cole plants, 
which are largely cultivated, especially in North Germany, 
France, Belgium, Kussia, and India. The largest proportion 
of rape seed imported into this country comes from the Black 
Sea and Baltic ports. The oil is obtained from the seed by 
pressure, the yield of oil being from 30 to 45 per cent ; the 
crude oil being known as ** brown rape oil," and containing 
a good quantity of moisture, mucilage, and colouring matter. 
This is refined into rape and colza oils. In this country colza 
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oil is the name given to the most highly refined variety of 
rape oils. On the Continent it is the custom to distinguish 
the oils obtained from different species of the plant. Eape oil is 
refined by treatment first with sulphuric acid and then caustic 
soda. If colza oil is wanted, these operations are repeated. 

Kefined rape oil has a pale yellow colour, is limpid, has a 
peculiar and characteristic odour, and an unpleasant, harsh 
taste. When exposed to the air it becomes slightly more 
viscid. When boiled with caustic potash it yields a reddish 
colour, and requires 17*5 to 17*9 per cent of caustic potash 
(KOH) to sapoftify it. Its saponification value is about 320. 
It combines with a large proportion of iodine. Sulphuric 
acid has a strong action, giving an increase in temperature 
of from 64° to 65' C. ; the specific gravity at 15° 0, (60° F.) 
ranges from 0913 to 0*915, at 100° C. (212° R) the specific 
gravity is 0*863. Commercial samples of rape oil often con- 
tain small quantities of free fatty acids; the proportion 
ranges from 0*5 to 5*5 per cent. The acids found in rape 
oil consist chiefly of oleic and stearic acids ; in addition there 
is rapic acid, and probably an acid of the linoleiiic series, 

Eape oil has a considerable viscosity, and hence has been 
largely used for lubricating machinery, but of late years 
mineral oils have taken its place. It is largely used in ad- 
mixture with mineral oils for lubricating looms and other 
machinery. Its lubricating powers are very good. It has, 
however, a shght tendency to dry on the bearings or ** gum " ; 
the freer the oil from acid the less this tendency. 

Eape oil is rarely adulterated, but when this is the case 
the fact of adulteration is readily ascertained. 

Constants of Bapb Oil. 

Specific gravity at 16° 0. (60° F.) . . . . 0-913 to 0*916 

100° C. (212° F.) .... 0-8632 
Solidifying point, 2° to 10° C. (30° to 44° F.). 
Insoluble fatty acids (Hehner value), 95 per cent. 
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Saponification value (Koettstorfer test), 17*5 to 17*9 per cent KOH. 

Iodine (Hubl test), 100-8 to 1026 per cent. . . 

N 
Reichert test, 0*26 c.c. j^KOH. 

Maumene test, 51° to 60° C. 

Viscosity at 70° F 135 

100° F 55 

120° F .45 

150° F 28 

Flash point, 530° F. 

Fire test, 625° F. 

Constants of Fatty Acids of Rape Oil. 

Specific gravity at 100° C. (212° F.), 0-8438. 
Solidifying point, 18*5° C. (65° F.). 
Melting point, 18-5° to 21-5° C. (65° to 70° F.i. 
Molecular weight (combining weight), 320. 
Iodine value (Hubl test), 99 to 103 per cent. 

Gbound Nut ob Abachis Oil. 

This oil is obtained from the nuts of the Arachis Hypogeay 
cultivated in various countries (chiefly in Africa) on account 
of its oil-yielding qualities, the seeds containing some 45 to 
50 per cent of oil. Ground nut oil is a pale yellow to 
almost' colourless oil. It has a peculiar nutty odour and 
taste ; its specific gravity ranges from 0*915 in the best qual- 
ities to 0*920 in the commoner qualities. It saponifies 
readily with caustic potash, taking from 19 to 19*5 per cent 
of caustic potash (KOH) for complete saponification. It haa 
but little tendency to become rancid on keeping, but when 
exposed in thin layers to the air it is rather more prone to 
oxidation than is olive and lard oils ; hence it does not form 
a satisfactory lubricating oil, and although from time to 
time it is used for this purpose, yet it is but rarely employed. 

In its chemical composition ground nut oil is somewhat 
peculiar, inasmuch as it contains palmitin, olein, stearin, and 
the glycerides of arachidic and hypogsBic acids, which are 
almost peculiar to this oil. In many of its properties ground 
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nut oil closely resembles olive oil. The presence and 
amount of arachis oil in any sample of oil may be detected 
by separating out the arachidic acid. The best process for 
doing so is that devised by Kenard. It is as follows : A 
quantity of the ground nut oil or other oil is thoroughly sap- 
onified by means of caustic potash or caustic soda, and the 
resulting soap decomposed by means of acids, the fatty acids 
being collected, well washed, and dried. 9*5 grammes of 
these acids (which may be considered as equal to 10 
grammes of the original oil) are taken, dissolved in alcohol, 
and a solution of lead acetate in alcohol added, which precipi- 
tates the fatty acids as lead soaps. These are collected on 
a filter, washed with a little alcohol, and then treated with 
ether several times until the ether is no longer discoloured on 
adding a drop of ammonium sulphide. The ether dissolves 
out the oleate and hypogseate of lead, leaving the other soaps 
insoluble. The residue is boiled with dilute hydrochloric 
acid until the lead soaps are thoroughly decomposed. When 
the mixture is allowed to cool the fatty acids form a solid 
mass on the top of the acid liquor. They are collected and 
dissolved in alcohol by heat. The solution is allowed to 
cool, when crystals of arachidic acid separate out ; these are 
washed with weak alcohol of about 0*890 specific gravity, 
then dissolved in alcohol, the solution evaporated in a white 
basin, and the residual fatty acid weighed. By multiplying 
the amount of acid obtained by 20, the weight of arachis oil 
present will be obtained with some degree of approximation, 

C0N8TANT8 OF Arachis Oil. 

Specific gravity at 15** C» (60° F.) . . . . 0-917 to 0*922 

100° 0. (212° F.) . . . 0-8673 
Solidifying point, 8° to 7° 0. (26-5 to 19*6 F.). 
Insoluble fatty acids (Hehner value), 95*86 per cent. 
Saponification value (Koettstorfer test), 19*13 to 19*7 per cent KOH. 
Iodine value (Hubl test), 98 to 90 per cent. 
Maumene test, 51° G. 
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Constants of Fatty Acids op Abachis Oiii. 

Specific gravity at 100° C. (212° F.), 0-8476. 
Solidifying point, 28° 0. (82-6 F.). 
Melting point, 29-6 C. (86° F.). 
Iodine value, 96*6 per cent. 
Molecular weight, 282. 

Niger Seed Oil. 

This oil is obtained from the seed of the Guizotia oleifera, 
and it is of a pale yellow colour, with but little odour, and 
has a sweet taste. It is rather more limpid than rape oil ; its 
specific gravity is 0*924 to 0*928. Niger seed oil is a semi- 
drying oil, ranking between cotton seed and linseed oil in its 
drying properties. It is therefore not suitable for lubricating 
machinery on account of its tendency to gum, owing to its 
oxidation by absorption of oxygen. It has been occasionally 
used for this purpose. 

Fish Oils. 

Arctic Sperm Oil. 

This oil is obtained from the Arctic sperm or bottlenose 
whale {BalcRna rostrata). The .oil is found in the blubber sur- 
rounding the body of the whale, and is extracted from it in 
the usual manner. As first obtained, the oil contains much 
spermaceti ; this is extracted by refrigerating or cooling, and 
subjecting the cooled oil to pressure and filtering. 

Arctic sperm oil is a limpid oil, of a pale yellow colour ; its 
odour is, as a rule, in well-prepared oils but slight, and is of 
a fishy nature. Well-made sperm oil will deposit but little 
solid matter when subjected to cold. 

It is not liable to become rancid by keeping. It retains 
its viscosity under the influence of heat better than any other 
oil. For lubricating quickly-moving light machinery, like 
spinning spindles, there is no better oil, but it is not suitable 
for heavy machinery. It has no tendency to dry up and be- 
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come gummy on the bearings, nor has it any corrosive action 
on them. 

A very similar oil is the 

Southern Sperm Oil. 

This is obtained from the true sperm or cachalot whale 
(Physeter inacrooephalm)y which is notable for the enormous 
size of the head. It is an inhabitant of the Pacific and 
Indian Oceans, but is becoming scarcer year by year. The 
Southern sperm oil is the original sperm oil, the Arctic variety 
being of more modern introduction. 

This oil is found in the head cavity, a large vessel which 
will hold as much as 200 barrels full of oil. It is also obtained 
from the blubber of the whale. That from the head is usually 
considered to be of better quality than that from the blubber, 
but that is doubtful. On cooling, the oil as it comes from the 
whale deposits spermaceti, and the modern methods of refin- 
ing have for their object the extraction of as much spermaceti 
as possible from the oil 

There does not seem to be any material difference between 
the two varieties of sperm oil except in price, the Southern 
sperm being the more expensive ; sqme users consider it to 
lubricate better than does Arctic sperm. It will be convenient, 
therefore, to discuss the chemical and physical properties of 
these two oils together under the name of sperm oil. 

Sperm oil is a thin, limpid oil of a pale yellow colour, hav- 
ing a fishy odour and taste which is but slight. It is very 
light in specific gravity— O'SSO to 0*884 at 60° Fahr.— if any- 
thing, Arctic being a fraction heavier than the Southern sperm 
oil. It is therefore the lightest of all natural oils. It differs 
markedly from all other oils insomuch as it is not a glyceride, 
but resembles the waxes in its chemical composition, being a 
compound of fatty acids with alcohol radicles. The acid or 
acids belong to the oleic series, for it or they can be elaidinized, 
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but up to the present they have not been isolated. The 
alcohols, also, have not been separated. The amount of 
caustic potash required to saponify sperm oils is low, from 
12-3 to 14-7 per cent KOH. The oil contains from 39 to 41 
per cent of alcoholic bodies. Sulphuric acid gives rise to an 
increase of heat of 4iT to 5V C, and gives a yellowish brown 
mass, which distinguishes sperm oil from other fish oils. 
This oil absorbs from 81 to 84 per cent of iodine. The two 
varieties of sperm oil cannot be distinguished from one another 
by any chiBmical test ; there are some small differences in the 
odour and taste by means of which an expert can distinguish 
between them. 

Sperm oils are frequently adulterated, but their peculiar 
properties enable the analyst to detect this adulteration. 
The best tests to apply are the speci^c gravity, Koettstorfer 
test, and flash point. When boiled with caustic soda or 
potash, sperm oils give a red coloration. 

Constants of Sperm Did. 

Specific gravity at 16° 0. (60° F.) . . . . 0-876 to 0-883 

100° 0. (212° F.) .... 0-803 

Saponification value (Koettstorfer test), 12-6 to 14 per cent KOH. 

Iodine value (Hubl test), 84 per cent. 

N 
Reiohert value, 1-3 c.c. jq KOH. 

Fatty acids, 60 to 64 per cent. 
Alcohols, 89 to 41 per cent. 
Maumene test, 51° 0. (124° F.). 
Flash point, 616° F. 
Fire test, 600° F. 

Arctic. Southern 

Viscosity at 70° F 65 63 

„ 100° F 37 31 

„120°F 29 26 

„ „ 150° F 21 20 

Constants op Fatty Acids fbom Spebm Oil. 

Specific gravity at 15° C. (60° F.), 0-899. 
Solidifying point, 11° to 12° C. (52° to 53° F.). 
Melting point, 13° C. (55° F.). 

Combining equivalent (molecular weight), 281 to 290. 
Iodine value, 85 per cent. 
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Whale Oil. 

This is also known as train oil and sometimes as blub- 
ber oil. It is obtained from the blubber of various species 
of whales, of which the principal is the Greenland or right 
whale {BcdcBna mystioetus), which is an inhabitant of the 
Arctic seas. From the blubber of this whale about 125 
barrels of oil are obtained. The Polar whale {BcUcBna 
glacialis) is found on the coasts of Greenland, Iceland, and 
Northern Norway. The jdeld of oil from this whale aver- 
ages about ninety barrels. The humpback whale (Balcenop- 
tera hoops) and the **finner" whale {BalcBnoptera gibbar) are 
natives of the Northern seas ; they yield a good quantity of 
oil, usually of good quality. The commcm whale {BalcBna 
rostrata) is a usual inhabitant of the seas north of Scotland, 
and yields a small amount of oil. Other species of whale 
are caught in the Southern seas. Generally no attempt is 
made at keeping the oil from each species of whale distinct, 
although it is reasonable to suppose that there will be some 
difference in the chemical composition and properties of the 
oil obtained therefrom. The blubber of the whale varies in 
thickness from eight to twenty inches. At one time the oil 
was obtained from it by very crude means : the blubber was 
cut up into small pieces, placed on racks, and the oil allowed 
to drain from it. This it was enabled to do by the open- 
ness of texture of the blubber, and also by the animal tissue 
becoming decomposed. The result, however, was the pro- 
duction of a quality of oil, dark in colour, possessing a very 
strong odour and containing a great deal of free acid. To 
purify the oil it was usual to heat it up to a temperature oi 
about 220"* Fahr., which destroyed the odour, and then to boil 
it with water for about an hour, after which it was allowed to 
settle and the oil run off into casks. 

A better method is, however, now largely adopted. The 
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fresh blubber is cut up into pieces and boiled with water to 
liberate the oil from it. This method is described in detail 
on p. 137. This process yields an oil much paler in colour, 
freer from odour, and more neutral in properties than is ob- 
tained from the old method. 

Whale oil is a very variable product. In colour it ranges 
from a straw yellow — *'pale Norwegian whale oil" — to a 
reddish brown — '* brown whale oil ** — the fresher the blubber 
the paler the oil. Some varieties of crude whale oil deposit 
stearin on cooling ; this stearin is usually separated out and 
used in the preparation of soap. The specific gravity ranges 
from 0-920 to 0-931 at 60** Fahr. ; it requires from 19 to 20 
per cent of caustic potash to saponify it ; it absorbs 80 per 
cent of iodine and 50 per cent of bromine. The increase in 
temperature with sulphuric acid ranges from 85° to 91** C. 
Sulphuric acid also produces a purple colour with whale 
oil. The chemical composition is rather variable; some 
samples contain glycerides of low fatty acids, and when sub- 
jected to the Eeichert test, the distillate takes from 5 to 12 
C.C. of decinormal alkali. The fatty acid most common is 
valeric acid. 

When boiled with caustic soda or caustic potash, whale 
oils give a red coloured soap. 

Whale oil is a cheap oil and is rarely adulterated, and 
then usually with mineral oil. It is employed in soap-mak- 
ing, in illuminating, and to a small extent the better qualities 
are used as lubricants. In this capacity they give fairly good 
results when used on shafting, machinery bearings, and 
mixed with mineral oil they work fairly well for looms and 
spindles of textile machinery ; it is important, however, that 
none but the best qualities should be used for this pur- 
pose. 
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Constants of Whale Oil. 

Specific gravity at 15° C. (60° F.) 0*925 

100° C. (212° F.) 0-8725 

Solidifying temperature, 2° C. (30° F.). 

Insoluble fatty acids (Hehner value), 98-5 per cent. 

Reiohert value, 2 to 12 c.c. ^ KOH. 

lo 

Saponification value (Eoettstorfer test), 18*8 to 19*4 per cent KOH. 

Iodine value, 110 per cent. 

Maumene test, 91° C. 

Viscosity at 70° F 112 

100° F 55 

120° F 36 

150° F 30 



Seal Oil. 

Various species of seals, such as Phooa fo^tida, the harp 
seal, Phoca Greenlandioa, the hooded seal, Crystophora cristata, 
Phoca barbata, yield a fairly large quantity of oil varying of 
course in amount in the different species of seals, the larger 
varieties from 20 to 25 gallons being usually the yield. The 
seal fishery is a very important one in and around the coasts 
of Newfoundland, Greenland, and North America, the seals 
being captured for the sake of their skins and oil. The oil 
is extracted from the blubber by the same process as whale 
oil. No attempt appears to be made to keep the oil from 
various species of seal separate. 

Seal oil, like whale oil, varies considerably from a hght 
straw-coloured oil, with a very slight fishy odour, to a brown, 
strongly odorous oil ; the specific gravity ranges from 0*924 
to 0*929 ; it requires 19 per cent of caustic potash to saponify 
it ; it absorbs 91 per cent of iodine or 57 per cent of bromine. 
It is used for a variety of purposes, soapmaking, illuminating, 
and, to a small extent, for lubricating machinery, its lubricat- 
ing properties being similar to those of whale oil. 
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Constants of Seal Oil. 

Specific gravity at 15° C. (60° F.) .... 0-916 to 0-920 

100° C. (212° F.) ... 0-8733 

Solidifying point, 3° C. (26-6° F.). 

Insoluble fatty acids (Hehner value), 94 per cent. 

N 
Reichert value, 0*2 c.c. — KOH. 
10 

Iodine value, 127 to ISO per cent. 

Maumene test, 92° C. 

Viscosity at 70° F 75 

' „ 100° F. . 50 

120° F 82 

150° F 25 



Prepared Oils, 

Blown or Thickened Oil. 

Many oils, such as rape, cotton seed, olive, ground nut, 
sperm, neatsfoot, etc., have the property of absorbing oxygen 
and thereby becoming thick and viscid. This property is 
taken advantage of in the production of heavy viscid oils used 
in conjunction with mineral oil for the purpose of preparing 
lubricants for heavy machinery. The two oils which are 
most commonly used for this purpose are rape oil and cotton 
seed oil, on account of the fact that they absorb oxygen much 
more quickly than the other oils, and can therefore be 
thickened up much quicker. 

The operation may be carried out in a tall cylindrical 
pan, the bottom portion of which may be jacketed for the 
application of steam heat, or the steam may be sent through 
a steam coil. The arrangements ought to be made so that 
a current of cold water can be passed either through the 
steam jacket or the steam coil for the purpose of regulat- 
ing the temperature during the operation. Air is blown in 
through a vertical pipe which passes down nearly to the 
bottom, the air being blown in by an air pump, a rotary 
blower, or a centrifugal pump. For the purpose of bringing 
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the oil into intimate contact with the air, the air pipe is 
usually made to terminate in a perforated coil or cross piece, 
or it may terminate in a perforated box. 

Figure 48 is a drawing of Veitch Wilson's apparatus. 
The vertical air pipe is open at the bottom of the pan and 
about one inch above the opening in the bottom of the in- 




FiG. 48. Plant fob Blowing On^. 

verted truncated cone, the greatest diameter of which is about 

one-third of that of the pan, while the opening in the bottom 

is the same as that of the air pipe. The inverted cone is 

supported in the centre of the bottom of the pan by stays 

bolted by short screws to the sides and bottom of the pan. 

When air is driven through the central pipe it impinges 

upon the oil at the narrow opening in the cone, and by 

14 
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setting it in motion induces a downward suction and a 
circulating motion affecting the whole contents of the pan. 
The apparatus shown in Figure 44 for bleaching fats by air 
may also be used for this purpose. 

The operation of thickening oils is carried on as follows : 
The pan is filled half full of oil. Steam is then sent into the 
jacket or coil, and the temperature of the oil raised to 160° or 
170° F. The air which is sent in should also be heated to 
the same temperature. The air is then blown in. In a 
short time the oil begins to oxidize, and the temperature 
shows signs of rising. When this happens the steam is 
turned off or otherwise regulated, so as to maintain a uniform 
temperature. Should the temperature show signs of rising 
too much, then means must Be taken by using the current 
of cold water or otherwise of reducing it down to that re- 
quired. The operation extends from eighteen hours to forty 
eight hours, the variation in length of time being brought 
about by the differences in the quality of the product which 
it is desired to make, and by the conditions under which the 
operation is carried on. Given sufficient length of time, pro- 
ducts may be obtained of almost any required degree of specific 
gravity up to 0*985 or 0*999, and varying in consistency from 
medium to very viscid or even solid oils. The temperature 
of working also has some influence, the higher it is the 
quicker the action proceeds ; the products produced under 
these conditions are usually darker in colour, and have a 
stronger odour than those produced at low tempera- 
tures. 

Thickened oils have a peculiar, characteristic odour by 
means of which they can be readily distinguished when mixed 
with other oils. Boiled with caustic alkalies they give a dark 
red coloration. They yield from 85 to 90 per cent of insoluble 
fatty acids, which shows that the operation of blowing con- 
verts some of the original insoluble acids of the oil into soluble 



Digitized by VjOOQIC 



THE VEGETABLE AND ANIMAL OILS AND FATS. 211 

ones. Another feature is that these acids are not entirely 
soluble in petroleum spirit, which would show that the acids 
had been converted into hydroxy acids. The flashing point 
of the oil is lowered considerably. The viscosity is increased 
ten to twenty times at the ordinary temperature, but it is re- 
duced rapidly by heat. They usually contain more free acid 
than the unthickened oils. 

Although these oils have now been in use for many years 
as lubricants without any complaints having been made, yet 
the author regards their use with some degree of suspicion 
as likely to lead to gumming and the formation of deposits 
on the machinery. 

Thickened Bape Oil. 

This oil is prepared from the ordinary rape oil ; the usual 
specific gravity of the commercial article is 0*965 to 0*967, 
very nearly that of castor oil. It is viscid in character, clear 
and transparent in appearance, light yellow in colour, and 
has a faint, peculiar odour. It mixes well vnth all other oils, 
and is largely used for mixing with mineral oils. For the 
production of engine oils and of oils for heavy machinery it 
has been found fairly successful. The proportion usually 
employed is 10 to 20 per cent of the thickened rape oil to 90 
or 80 per cent of mineral oil ; in some cases other fat oils, 
such as neatsfoot or animal oil, are used in addition. A few 
figures relating to thickened rape oil are given below in the 
table of constants. 

OONSTANTS OF ThICKBNED BaP2B OiL. 

Specific gravity at 15° C. (60° F.) 0-9668 

100° C. (212° F.) 0-9175 

Saponification value (Koettstorfer test), 22*12 per cent KOH. 

Fatty acids (Hehner test), 87*5 per cent. 

Maumene test, 65° G. 

Iodine value (Hubl test), 95*5 per cent. 

Bromine value (Hehner test), 68*5 per cent. 
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Viscosity at 70° P 1620 

100° F 360 

„ 120° F 280 

160° F 140 

Reichert test, 1-2 c.o. ^ KOH. 

Flashpoint 860° F. 

Fire test 620° F. 

Labdine Oil. 

This oil is prepared from cotton seed oil. It is made of 
various gravities ranging from 0*967 to 0*980. In most of its 
features it resembles thickened rape oil. It is usually, how- 
ever, father more cloudy in appearance, somewhat darker in 
colour, and has a stronger odour. It is used in the same way 
as thickened rape oil, and for the same purposes. The 
heavier grades of lardine do not mix thoroughly with mineral 
oils, and to enable them to blend it is needful to have a large 
proportion, 40 to 50 per cent, of the lardine, or to use it in 
conjunction with some other fatty oil. The lighter grades of 
lardine oils mix fairly well with mineral oils in all propor- 
tions. The table below gives a few figures relating to this 

product : — 

Constants of Labdine. 

Specific gravity at 16° 0. (60° F.) 0-9817 

100° 0. (212° F.) 0-9240 

Saponification value (Koettstorfer test), 24-64 per cent KOH. 
Fatty acids (Hehner value), 91*4 per cent. 
Maumene test, 76° G. 

Reichert test, 1-3 c.c. ^ KOH. 

Viscosity at 70° F 8010 

100° F 1570 

120° F. . 480 

160° F 840 

Bromine value (Hehner test), 86 per cent. 

Iodine value (Hubl test), 128 per cent. 

Flashpoint 400° F. 

Fire test 600° F. 
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CHAPTEE VI. 

TESTING AND ADULTERATION OF OILS. 

It is not intended in this chapter to enter very fuUy into all 
the various tests that have been described and applied in the 
testing and analysis of oils, but simply to describe a few of 
the more simple and characteristic tests, so that oil dealers 
may be able to ascertain whether a sample of oil be pure, or 
whether it be a fit lubricant for the particular purpose for 
which it is to be used. 

The practical analysis of oils is one surrounded by many 
difficulties, and to make a satisfactory analysis and to report 
on the purity of a suspected sample demands a large and 
various experience among oils, an experience which it cannot 
be expected that an oil user should possess. It is therefore 
advisable to submit a suspected sample to a competent 
analyst, and it is desirable that such an analyst should have 
a special knowledge of oils. In fact it would pay large users 
of oil to make special terms with such analyst to test every 
lot of oil they have delivered to them, to see that it is what 
it is represented to be and that it is fit to use. In sending 
a sample to an analyst to be tested, from 6 to 8 ounces 
should be supplied, as satisfactory tests cannot be made with 
less. 

In judging the purity or otherwise of a sample of oil the 
following tests are made : — 

1. Specific gravity. 

2. Alkali tests. 

(213) 
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3. Sulphuric acid tests. 

4. Free acid test. 

5. Viscosity test* 

6. Flashing point test. 

7. Evaporation test. 

8. Iodine test. 

The 5th, 6th, and 7th are applicable solely to mineral oils 

or to mixed oils. It is useless to apply them to fatty oils, 

because with these oils these factors are fixed quantities and 

cannot be altered by any means. The method of making 

these various tests will be described, and then 

a few special tests for certain of the oils will be 

noticed. 

1. Specific gravity test. There are three ways 
of determining the specific gravity of a sample 
of oil ; 1st, by a specific gravity bottle ; 2nd, by 
a hydrometer; 3rd, by the Westphal specific 
gravity balance. 

The bottle method is the most accurate. 
The specific gravity bottle is one made specially 
FiG.49. SpBciPicfor the purpose; it consists (Figure 49) of a 
small thin glass bottle, accurately stoppered, 
and the stopper has a small thin tube bored through it 
so that it will always hold the same volume of liquid when 
filled. 

The bottle is carefully filled with the oil to be tested, 
taking care to avoid the formation of air bubbles, the stopper 
is carefully inserted, the outside wiped clean and dry, and 
the whole is weighed. The weight of water the bottle holds 
is also ascertained. Then the weight of the oil is divided by 
the weight of the water the bottle holds, and the result is the 
specific gravity of the oil : thus a sample of olive oil gave the 
following figures : — 
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Weight of bottle full of water . 
Weight of bottie .... 


88-496 grammes. 
. . 18-496 .. 


Weight of water 


26-000 


Weight of bottle full of oil . 

Weight of bottle .... 


86-887 
. . 18-496 „ 




22-891 


22-891 _ 0.91564. specific gravity of the oi 


Ll. 




Fig. 60. Sprengbl Gravity Tubs. 



26 ^ r ^ . 

Before filling the bottle with the oil, see that the tempera- 
ture of the latter is 60'' F., which is the standard temperature 
to which the specific gravities of all oils are referred. 

Sprengel's tube, which is a U-shaped tube with capillary 
tubes (Figure 50), turned at right angles at the ends, is a 
very convenient piece of ap- 
paratus for the determination of 
specific gravities where only 
small quantities are available, 
or it is desired to find the 
gravity at a higher temperature 
than 60** Fahr. The apparatus 
is used in the following manner : 
It is first weighed, then filled with water, and weighed again ; 
then filled with the oil whose gravity is to be tested, and 
weighed again. The tube, after being used for the water, 
should be cleaned out by first filling with methylated spirit, 
then with ether, and dried. If the gravity is to be deter- 
mined* at some higher temperature, it suflBces to suspend the 
tube in a flask or beaker of water at that temperature, and 
keep it there for a short time, then take it out, dry the out- 
side of the tube, and weigh. 

The hydrometer (Figure 51) method of determining 
specific gravity of oil is the one most in use by oil dealers 
and consumers, and it is carried out as follows : The oil to be 
tested is placed in a cylindrical glass jar (Figure 52) and the 
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e 



hydrometer is immersed in the oil The degree on the scale 
of the latter instrmnent, which is level with the surface of 
the oil, is the specific gravity. 

Hydrometers are made provided with a 

variety of scales, but what the oil tester wants 

is two instruments, one with a scale ranging 

from 0*730 to 0*860, and the other with a scale 

from 0*860 to 1*000. The latter includes all 

the various grades of lubricating oils, and the 

former includes all the gravities of the lighter 

naphthas and burning oils. As a rule, the two 

mentioned will be found sufficient, but if greater 

accuracy is required then more instruments 

must be used to take the same range of gravities. 

The special form of hydrometer frequently sold 

under the name of ''oleometer*' is perfectly useless and 

should never be used. Its divisions are arbitrary, and nobody 

seems to understand them. This method of 

p.- determining the specific gravity is subject to 

^ many defects. A large quantity of oil is re- 

I quired to float the instrument properly, a 

§ quantity which is not always available. The 

g accuracy of the instruments, as ordinarily sold, 

. is not to be depended upon, inasmuch as the 

*^ scale is not adjusted for each particular instru- 

o ... 

& ment, and it is impossible to make two alike 
in every respect — and to have one especially 
graduated to ensure accuracy is a costly proceeding — and there 
are other minor defects. 

The Westphal balance (Figure 53) method is a more ac- 
curate one, and is just as easy to work as the hydrometer, 
while the results are perfectly reliable. The Westphal 
balance is simple and easy to understand, and gives the 
specific gravity directly. The principal part of the apparatus 
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is a glass bulb which has a volume of 5 c.c. Consequently, 
when immersed in water, it requires the balance arm to which 
it is attached to be loaded with a weight of 5 grammes to re- 
store the equilibrium. In liquids of lighter gravity propor- 
tionately a smaller weight would be required, or in heavier 
liquids a heavier weight. Eiders of 5, 0*5, 0*05, and 0005 
grammes are supplied, and with these the specific gravity is 




FiQ. 58. Westphal Specific Gravity Balance. 

easily ascertained. The position of the balance arm of these 
weights gives the gravity at once without any calculation 
being required. The balance is used as follows: It is 
mounted in position, and by means of the regulating screw 
at the base of the balance the two pointers are brought into 
line with one another. Then the glass jar is filled with oil, 
and the glass bulb immersed in the latter. The large rider is 
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now placed on the beam at the nearest division to produce 
equilibrium, then the next rider, and so on, until the two 
pointer!^ are again brought into line. Then the numbers of 
the divisions are read off in the order of the weights, and 
these give the specific gravity. Thus, supposing the largest 
weight was on the 9, the next on the 1, the next on the 8, 
and the smallest on the 3 divisions of the balance arm, the 
specific gravity is 0*9183. 

The glass plummet supplied with the instrument takes 
the form of a thermometer, the range of which is, however, 
only a few degrees on each side of 60° Fahr. By substituting 
for this a plummet made of solid glass rod of exactly 5 cc, 
in volume, it is possible with the Westphal balance to obtain 
the specific gravity of oils at any temperature. 

The balance does not give good results with very viscid 
liquids like glycerine, thickened rape and cotton seed oils; 
cylinder oils, and such, should be tested with the bottle. 

Temperature is an important element in testing the 
specific gravity of oils, and therefore the temperature of the 
oil at the time of testing must be noted. The standard tem- 
perature is 60** Fahr. {15'' C), and, if possible, samples of oil 
should be brought to this temperature before testing. Tem- 
perature affects oils by decreasing the gravity as the tem- 
perature increases and vice versa. Although there are slight 
differences among the various oils as to the amount of vari- 
tion brought about by temperature, yet these variations are 
slight, and, for the purposes of correction, may be neglected. 
The difference in the specific gravity of an oil for l** F. is 
0-00035, and for l** C. 0-00063. Using these factors, correction 
for temperature may be made. Thus, suppose an oil has a 
specific gravity of 0-915 at 57° Fahr. At 60° Fahr., the 
standard temperature, it will have a gravity of 915 -(000035 
X 3) = 0-91395. Similarly an oil which at 64° Fahr. has 
a specific gravity of 0-918, at 60° Fahr. its gravity will be 
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0-918 + (0-00035 X 4) «= 0-9194. In other words, multiply 
0-00035 by the number of degrees above or below 60* Fahr., 
and add to or subtract from the specific gravity found accord- 
ing as the temperature is above or below the standard tem- 
perature of 60° Fahr. 

Too much stress must not be placed on the specific 
gravity test. Like most other oil tests, its indications are 
often of a negative character. It will not tell what an oil is, 
but what it is not. Thus it will not say that a given sample 
of sperm oil is pure, but it will say when an oil is not pura 
Thus a sample of oil said to be sperm may have the right 
specific gravity (0*880), but for all that it may not be pure, 
and other tests must be made to decide this point. On the 
other hand, suppose that this test shows it to have a specific 
gravity of 0*870, the oil may be immediately condemned as 
impure. 

Beyond the fact that specific gravity may be an aid in the 
process of identifying an oil, of itself, it is of comparatively 
small importance. The editor has before him a table of the 
specific gravities of numerous samples taken from bulk of nine 
different kinds of animal and vegetable oils, nearly 600 
samples in all. These after careful analysis had been accepted 
as genuine commercial oils, yet beyond the fact that there is 
a great gap between specific gravity, 0-884 which was the 
gravity of the heaviest oil accepted as pure Southern or Arctic 
sperm, and 0*914 that of the lightest fatty oil, there is no ' 
gravity that can be given as the invariable weight of any oil. 
The actual figures are : — 
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These figures show the fallacy of the oleometer formerly 
referred to, even when carefully made. An examination of 
such a one, made by J. Casartelli, Manchester, may be as- 
sumed to reveal the principle of construction of oleometer. 
This instrument was not marked with specific gravity 
numbers, but with empirical numbers 0° corresponding to 0*970 
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and SO"" to 0'870 specific gravity. Each degree is therefore 
equal to two degrees of specific gravity, but the lowest degree 
of the oleometer corresponded with the highest of specific 
gravity, and vice versa. The thermometer accompanying it 
was also graduated in an empirical and contrary manner, 
each degree answering to 5° Fahr., excess of temperature to 
be corrected by adding, and deficiency, by subtracting the 
thermometer numbers from the oleometer numbers just the 
opposite way from the rational one. Of course, with the key 
in possession the true gravities can be determined, assuming 
that the instrument is properly made, but the principle of 
fixing a certain invariable gravity as that of any oil is mis- 
leading. Moreover, seeing that different oils approximate, it 
is easy to see how, by mixing any mean desired, gravity may 
be got. 

The determination of the specific gravity of solid fats like 
tallow, palm oil, etc., is rather more troublesome than is that 
of liquid oils, and any method which may be adopted leaves 
room for doubt as to the accuracy of the result. A simple 
but only approximate method is to melt the fat at not too 
high a temperature. Then pour it into a specific gravity 
bottle and allow it to cool down to 15° C. (60° F.) and then 
weigh. This plan is objectionable on account of the great 
contraction which some fats undergo on cooling down, which 
may result in the bottle not being quite full of fat, and so a 
low and erroneous result will be obtained. Another plan is 
to have a wide glass tube fitted with a cover which can be 
pressed down tightly. The glass is first weighed full of 
water, then cleaned with the melted fat, which is allowed to 
cool down. The cover is put on and screwed down tightly, 
and the glass weighed again. 

Another plan which is greatly used is to take advantage 
of the fact that fats or oils will just float in mixtures of 
alcohol and water of the same specific gravity. The modus 
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operandi is as follows : The fat is just melted and then 
allowed to drop into alcohol, whereby it is converted into 
spherical drops. Mixtures of alcohol and water of various 
gravities, 0*945, 0*940, 0*935, etc., are employed. The 
globules of fat are dropped in each of these alcohol solutions 
until one is found in which the fat floats ; the specific gravity 
of that alcoholic solution corresponds with that of the fat. 

Table of Spbcipic Gbavitibs op Fattt Oils at 15° C. (60® F.) 

Almond oil . . 0*919 

Arachis (ground nut) oil 0'920 

Castor oil 0*964 

Coconut oil . 0*925 

Cotton seed oil 0*923 

Linseed oil 0*982 

Olive oil 0-915 

Palm oil 0'940 

Bapeoil 0*914 

Sesame oil 0*928 

Lard oil 0*912 

Tallow oil 0-912 

Neatsfootoil 0*914 

Tallow 940 

Sperm oil 0*883 

Whale oU 0-925 

In the summaries of the constants given under each oil, 
gravities at other temperatures are given. 

2. Alkali tests. — As has already been explained the alkalies 
caustic soda and caustic potash convert the fatty oils into 
soap, but they have no action on hydrocarbon oils, except 
to form an emulsion from which the oil gradually separates 
out on standing. 

AlkaHes can be used in the testing of oils in three ways : 
First, to ascertain whether an oil is a pure fat or an hydro- 
carbon oil, or a mixture of both; and in the first case by 
noting differences in the colour and appearance of the soap 
formed to determine the character of the fat oil present. 

The method of applying this test is as follows : A solution 
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of caustic soda or caustic potash (the latter has the strongest 
action on oils and very often gives the best results) is pre- 
pared, having a specific gravity of 1'340 (68° Tw.). Two 
volumes of this solution are shaken up in a test tube with 
four volumes of the oil. Fat oils will combine with the alkali 
and form an emulsion, from which very little oil will separate 
on standing, and the aqueous layer always has an emulsified 
appearance. Hydrocarbon oils only form a slight emulsion. 
The oil separates out on standing, leaving the aqueous layer 
quite clean or with only a faint cloudy appearance. A mixed 
oil will vary in appearance according to the proportion of the 
two oils present : if hydrocarbon oils are in the largest pro- 
portion, they will form a layer on the top and the aqueous 
layer will be emulsified ; if the fat oil is in the largest propor- 
tion, then it will often be difficult to detect the mineral oil, but 
a little experience with this test will soon enable users of it 
to detect small quantities of hydrocarbon oil. A method of 
detecting mineral oils in fat oils which is more certain, and 
will show 2 or 3 per cent, is to dissolve a piece of caustic 
potash about the size of a pea in 5 c.c. of alcohol, then add a 
few drops of the oil to be tested and boil for two or three 
minutes and add 3 or 4 c.c. of distilled water. If the solution 
remains clear only a fatty oil is present. Mineral oil causes 
the solution to be turbid, and even so small a quantity as 
2 per cent will show itself in this way. 

The amount of mineral oil in mixed oils is best ascertained 
as follows : 25 grammes of the oil are mixed with 10-15 c.c. 
of the caustic alkali solution and 25 c.c. of water and 5 c.c. of 
alcohol ; the mixture is boiled with constant stirring for about 
an hour, by that time the fat oil will be saponified. The 
mixture is then put into a separating funnel, more warm 
water and 25 c.c. of petroleum ether added. The whole is 
shaken together for a few minutes, then allowed to stand, when 
it separates into two layers. The upper layer consists of the 
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petroleum ether with the mineral oil, the lower is an aqueous 
layer containing the soap made from the fatty oil. This is 
run off, clean water added, the mixture shaken up and again 
allowed to stand, and the aqueous layer again run off. This 
operation is repeated until the aqueous layer runs off clear. 
The ethereal layer is now run into a weighed glass, the ether 
evaporated off and the residual oil weighed. The weight 
multiplied by four gives the percentage of mineral oil in the 
sample. 

Koettstorfer's saponification test is one of the most impor- 
tant tests that can be apphed to oils, fat oils especially. This 
is carried out as follows : Two standard solutions are required : 
one of caustic potash dissolved in alcohol and containing about 
28 grammes pure KOH in one litre of alcohol ; the other is a 
solution of sulphuric acid containing 24*5 grammes H2SO4 per 
litre. Both these are what are called by chemists semi-normal 
solutiona An alcohol solution of phenol phthalein is used as 
an indicator ; this body is colourless, but alkalies turn it of a 
deep red colour; acids destroy this colour. The solution 
should be rendered of a faint pink tint by adding a drop or 
two of caustic potash. 

Two grammes of the oil or fat are accurately weighed in 
a flask, and 25 c.c. of the alcoholic solution of potash- are 
measured and added. The flask has fitted to it a long glass 
tube which acts as a condenser. The flask with its condenser 
tube and contents is heated in a water bath, the flask being 
shaken at intervals till the oil is thoroughly saponified, which 
will take place in about thirty minutes. The flask is then 
removed, and the contents allowed to cool. A small quantity 
of the phenol phthalein solution is added, and the standard 
acid solution run in from a burette drop by drop until the red 
colour of the mixture disappears. 25 c.c. of the potash solution 
are now boiled in the flask (which has been previously cleaned 
out) alone for half an hour, and then the contents are titrated 
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with the standard acid as before. The difference between the 
two amounts of acid used shows the quantity of potash required 
to saponify the oil. This difference multiphed by 0*028 gives 
the weight of EOH in grammes ; this multiplied by 100 and 
divided by the weight of oil gives the weight of KOH 
(potassium hydroxide) required to saponify 100 parts of oil. 

Methylated spirit may be used for making the alcohol 
solution of potash providing it be purified by distillation over 
lime and caustic soda as follows : — 

The spirit is first placed in a bottle with a small quantity 
of quicklime and a piece of caustic soda, and allowed to 
stand for twenty-four hours, being shaken up at intervals. 
The spirit is next transferred to a retort or flask, and a little 
fresh lime and soda added. It is then distilled on the water 
bath till about 95 per cent has come oven; the remaining 
5 per cent is thrown away. This process frees the spirit 
from impurities which gradually act on the potash, cause it to 
become dark brown, and this coloration interferes somewhat 
with the operation of titrating with the acid. A slight 
brownness does not make much if any difference. It disap- 
pears along with the red colour due to the phenol phthalein at 
the end of the titration. 

The reason for boiling 25 c.c. of the potash alone is also 
due to the spirit or alcohol containing impurities which 
destroy the potash on boiling, and would therefore cause the 
oil to appear to have a high saponification value ; but this 
error is eliminated by the method of carrying out the test 
described above. 

By converting all the fatty matter in the oil into fatty 
acid and testing the acid it is said more dependable results 
can be obtained. It is done as follows : 20 grammes of the 
oil or fat are heated in a basin with a strong excess of alco- 
holic potash. The solution is evaporated nearly to dryness ; 

the soap formed is dissolved in water and decomposed by 

15 
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adding an excess of mineral acid. The solution is boiled 
gently until the fatty acids rise in a clear layer on the 
surface of the solution. The watery solution is removed by 
a syphon, and the remaining fatty acids repeatedly washed 
with water and then dried. A known weight is then dis- 
solved in alcohol, a little phenol phthalein is added as an in- 
dicator, and the solution titrated with a standardized 
solution of alcoholic potash. If 10 grammes of the acids 
require 36*30 c.c.'s of normal potash solution (1 c.c. « 56 mg. 
KHO) then we have for the saponification equivalent 10 
grammes or 10,000 mg. -^ 36*30 = 275*5, i.e. 56 mg. of KHO 
neutralize or are equivalent to 275*5 mg. of fatty acid. The 
saponification equivalents given in table, p. 255 have been 
determined by this process. 

The saponification value or Koettstorf er number of a neutral 
fat or fatty acid is obtained by dividing 56100 by the saponi- 
fication equivalent ; and conversely, the saponification equiv- 
alent is obtained by dividing 56*100 by the saponification 
value : 

a 1 56100 Sap. equiv. 

Sap. val. = o r— ; Q-^ — ^*j — 

^ Sap. equiv. Sap. val. 

As a rule, oils that resemble olive oil require from 19 to 
19*5 per cent of potash; rape oils from 17 to 17*6 per cent; 
drying oils from 18*5 to 19 per cent ; whale oils, 18*75 per 
cent; solid fats hke tallow, 19*25 to 19*8 per cent; coconut 
oil, 22 per cent ; butter, 24 per cent ; and sperm oils, 12*3 to 
14 per cent of potash for complete saponification. 

Adulteration of fat oils with mineral oils would show it- 
self by an abnormally low percentage of potash being re- 
quired ; and it would be possible to calculate the amount of 
adulteration from the figures which have been obtained by 
multiplying the percentage of potash by 5, which will give 
approximately the percentage of fat oil in the sample. 

3. Sulphuric acid tests. There are two different tests 
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which can be made by means of sulphuric acid on oils. One 
is a colour test, the other is temperature test. 

(1) Colour test. This is a most useful test for fat oils, but 
one where great experience and a close, observant eye are re- 
quired. This test must be carried out only in bright daylight, 
so that shades of colour can be clearly discerned. It quite 
fails when done by gaslight or a dull daylight. The modus 
operandi can be varied somewhat, but it is essential in apply- 
ing this test that it must always be made in the same manner, 
as the results are slightly different if the manner of making 
the test is varied. A good method is to place twenty drops of 
the oil in a clean white' basin, and then add two drops of strong 
sulphuric acid. As the acid falls through the oil streaks of 
colour show themselves, and a tint of characteristic colour 
gradually spreads through the oil. After a minute or two 
the oil and acid can be stirred together and the colour again 
noted. This test should first be made with samples of known 
purity, so as first to gain some experience of it, and, when 
testing unknown samples, comparative tests with pure oil 
should also be made. Vegetable oils give various colours, 
usually shades of yellow, brown, or green ; fish oils turn oflf a 
violet or purple colour; animal oils turn red or reddish 
brown. Hydrocarbon oils turn a blackish brown, but this 
effect is usually very slight. 

The experimenter had best construct his own table of 
shades of colour. It is very difficult to convey by words what 
is actually meant by a colour name. 

(•2) Temperature test. This is known as Maumene*s test, 
and is a very useful test and one that is easily made. 20 
c.c. of the oil are measured into a small beaker and a ther- 
mometer placed in it and its temperature noted. 8 c.c. 
of strong sulphuric acid, specific gravity 1*845, are then 
added, and the oil and acid thoroughly stirred together with 
the thermometer as long as the temperature is observed 
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to rise. The highest point which is reached is noted, aAd 
the initial temperature being subtracted, the difference will 
be the increase in the temperature caused by the action of 
the acid on the oil ; and it will be found that the different 
oils show certain variations in the amount of increase they 
pproduce, as seen in the following table : — 



(Kls. 


Tncrease in Temperature. 




Degs. C. 


Degs. F. 


Olive oil . 


44 


79-2 


Sperm oil ... 


37 


66-6 


Bape oil . 


85 


63-0 


Rape oil (thickened) 


68 


104*4 


Cotton seed oil 


66 


117-0 


.N eatsf oot oil . 


32 


67*6 


Tallow oil 


38 


67-H 


Castor oil ... 


66 


97-2 


Kosin oil . 


26 


46-0 


Petroleum lubricating oil 


26 


640 


Scotch shale oil 


6 


11-0 


Linseed oil . 


68 


122-4 



These figures have been obtained by the writer when 
working with this test. It will be noticed that there is a 
marked difference between mineral oils and fat oils, the 
former giving much lower figures than the latter; and 
between drying and non-drying oils, drying oils yielding 
much higher figures, the action is more energetic, and there 
is generally a quantity of sulphurous acid gas evolved (dis- 
tinguished by its odour of burning sulphur) ; differences may 
also be noticed when carrying out this test on the colour and 
consistence of the resulting mass, which may be utilized as 
qualitative tests for the oils. The thickened rape and cotton 
oils are more heated than the normal oils. These figures 
must not be taken as a standard of comparison, but they are 
simply given to show the general tendency of this valuable 
test. It is found that different observers obtain slightly 
different figures, although their own figures are concordant 
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enough. This is due to slight differences in the conditions 
of carrying out the test, which will naturally vary with each 
observer. Hence this test must be conducted in a compara- 
tive manner, samples of unknown purity with samples of 
known purity. 

With this test it is possible to ascertain approximately 
the proportion of the constituents of a mixed oil when those 
constituents are known ; thus, supposing an oil consists of a 
mixture of cotton seed and olive oils, it will yield an increase 
of temperature between 44"" and 65° C, according to the 
relative proportions of the two. This is worked out by a 
fc^mula : — 

^_( C-B)xlOO 

^ a^Tb 

Where X = percentage of oil A in sample, 

A =» mean rise for pure sample of oil A. 
B = „ „ „ B. 

C = observed rise in the mixed sample. 

Thus, supposing in a mixture of olive oil and cotton seed oil 
the observed rise was 56° C, then according to the above 
formula we have 

(56-44)xl00 12x100 .^ , ^ * •, a 

— iTE — ^71 ~ — 7n — = 57*1 per cent of oil A. 

65 - 44 21 ^ 

Then there are 57*1 per cent cotton seed oil and 42 '9 per 
cent olive oil in the mixed sample. 

4. Free acid test. It is important that lubricating oils 
should be free from acid whether this be of fatty or mineral 
origin, as such free acid has a destructive effect on the metal 
of machinery, and it is astonishing what a corroding effect 
a small quantity of free acid in oil has on metals, especially 
on brass or copper, when the two bodies have been in contact 
for some time. If an oil containing 3 per cent of free acid be 
left in contact with brass for 12 hours it will have acquired 
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a green tint, showing that it has dissolved some of the 
metal. 

Fat oils such as olive, rape, castor, cotton, generally 
contain small quantities of free acid, rarely less than 1 per 
cent, and the writer has found as much as 22 per cent of 
free fatty acid present in oils. This free acid may have been 
present originally in the oil owing to defective methods of 
extraction, or if the sample be an old one may have developed 
by keeping. 

All fatty oils on keeping for some time slowly become rancid, 
some oils more rapidly than others. This rancidity is brought 
about by the combined action of the oxygen and moisture pre- 
sent in the air with which they are in contact, and results in the 
decomposition and splitting up of the oil into its two constitu- 
ent parts — glycerine and fatty acid. Fatty. acids have a 
strong corroding action on metal. 

Mineral oils are usually free from acid. If any be present 
it is most likely to be sulphuric acid, and indicates imperfect 
washing of the oil during the process of manufacture. 

A simple test for the detection of acidity in oils is the 
following : Make a solution of phenol phthalein in methylated 
spirit, as much of the former as will stand on a sixpence in 
about 6 oz. of the spirit. Add to the solution a few drops of 
caustic soda solution until the liquor has acquired a percep- 
tible red tint. Then take a little of the oil to be tested, add 
a small quantity of the above test solution, and shake well. 
K there be any acid in the oil, the red colour of the test 
solution will be discharged. No other substance is capable 
of detecting traces of acid in oil. Litmus, which is much used 
by many persons, is of no use for this purpose. 

The amount of free acid in oils may be readily determined 
thus : 10 grammes of the oil are weighed into a clean glass 
beaker, and 10 c.c. of neutral methylated spirit or alcohol 
added with stirring, then 1 or 2 c.c. of the phenol phthalein 
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test solution are added. A standard decinormal solution of 
paustic potash or soda is then run in slowly from a burette, 
constantly stirring all the while, until a permanent red colour 
is obtained. As each drop of alkali solution falls into the oil 
it produces a pink spot. As long as any acid is in the oil 
this disappears on stirring. As soon, however, as the acid 
is neutralized the pink colour remains permanent. Each 
C.C. of alkali solution used is equal to 0*0282 of free oleic acid. 
The result, multiphed by ten, gives the percentage of acid in 
the oil. 

If it is necessary to distinguish mineral acids from fat 
acids in oil, a solution of methyl orange may be used. This 
is turned pink by mineral acids, such as sulphuric acid, but 
is not affected by fatty acids. 

5. Viscosity test. The viscosity of lubricating oil is one 
of its most important properties, and therefore the method 
of determining this must necessarily occupy a prominent 
position in testing oils. 

Viscosity or body of oils is a term used to indicate, to 
some extent <at least, the relative fluidity of oils. Those 
which flow freely are said to be thin, ** have no body," while 
those like castor oil which do not flow freely, or are viscid 
oils, are said to have ** body ". This viscosity of oils, as usu- 
ally understood, is due to two properties of the oil, cohesion 
and adhesion, which exert a most important influence on 1 
their value as lubricants. Cohesion binds the particles of oil [ 
together.* The greater this is the more viscosity the oil poss- j 
esses and vice versa. Further, the more cohesion there is ' 
between the particles of oil, the greater pressure or force 
they will resist before splitting apart. It therefore follows - 
that a viscid oil will lubricate better heavy machinery, where ' 
the pressure is great, than a thin oil, whose particles would 
be forced asunder under the pressure. Adhesion is another 
important function of oils comprised in viscosity. Adhesion 
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is the term used to express the property of adhering to other 
bodies. The greater this is the better lubricaDt the oil must 
be, because, in virtue of it, it will stick or adhere closely to 
the surface of the bearings, and better resist the pressure 
brought to bear on them. A liquid may possess great co- 
hesive but very little adhesive properties, as, for example, 
mercury. On the other hand, water, spirits, etc., have great 
adhesive force and but little cohesion, which makes them 
very limpid, easy-flowing liquids. 

A good lubricant must possess both functions. It must 
be at once cohesive and adhesive, and the joint effect is 
expressed in the term viscosity, or body of the lubricant. 
I It is now generally accepted among oil dealers and oil 
consumers that the viscosity of an oil is a good measure of 
its lubricating value. Given two oils for lubricating, say, a 
spindle. The one having the most viscosity will have the 
most lubricating power, but, it has been pointed out before, 
it does not follow that a highly viscid oil like castor would 
lubricate a spindle better than a limpid oil like sperm. The 
viscosity of an oil must be adapted to the work it has to do, 
and this point should never be lost sight of either by oil 
consumers or oil dealers. 

A common method of testing the viscosity of an oil is to 
fill a glass pipette with the oil, and note how many seconds it 
takes to4run out. It is obvious that this raethod is rather 
unsatisfactory, as no account is taken of the temperature 
of the oil, which has an important influence in the viscosity 
of oils. 

A better apparatus, and one very extensively employed, is 
that known as Sacher's, and which is shown in Figure 54. 
This consists of an inner glass tube of about 125 c.c. 
capacity and graduated into 100 divisions of 1 c.c. each 
through part of its length. The lower part of this tube ter- 
minates in a short tube of narrow bore. This tube is sur- 
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rounded by a wider glass tube which serves as a water jacket, 
and into this steam can be passed from a boiler so as to heat 
the water and the oil up to any required degree. The ap- 
paratus is used thus : The water is heated in the jacket to the 
required temperature at which 
the test is to be made, a ther- 
mometer being suspended in it 
for that purpose. The oil is 
heated in a separate beaker to 
a few degrees above the tem- 
perature at which the test is to 
be made. It is then poured 
into the inner tube, filling it up 
to the topmost division of the 
graduation. The oil is then 
allowed to flow out, the time 
in seconds it takes for the 100 
c.c. to flow out being taken as 
the measure of the viscosity of 
the oil. The best temperatures 
or testing viscosity are 70° 
Fahr., 100° Fahr., 120° Fahr., 
180° Fahr., and 212° Fahr. 

There are s-;veral objections r^ 
to this apparatus: First, it is 
difl&cult to keep the temperature 
uniform throughout the test, 
and the oil is'(not at 5an equal 
temperature throughout the whole of its volume. The top is 
always hotter than the bottom portions. Second, the oil does 
not run out at uniform speeds during the continuance of the 
test, the first portions running out much quicker than the last ; 
hence it is necessary to always use the same volume of oil in 
all tests. This is not always possible, so many observers are 




Fig. 54. Sacher's Viscosity 
Apparatus. 
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in the habit of noting the time each 25 c.c. takes to run out^ 
and thus, if they have only about 25 c.c. of a sample to work 
with, it is still possible to compare its viscosity with other 
samples. Third, a general standard of reference between 
different observers cannot be obtained with this instrument,, 
as, being constructed of glass, it is impossible to make two 
which are identical in all respects, and give the same figures, 
which is an essential quality in viscometers. Fourth, being 
constructed of glass, it is fragile and very liable to break, and 
a breakage means a loss of any results obtained with the 
instrument, as new ones give different figures not comparable 
with those given with the old instrument. 

The principal objections are the want of permanency and 
the non-standard character of the apparatus. The first ob- 
jection can be got over by constructing the apparatus of 
metal ; the last is by no means easy to overcome. 

As the viscometer known as Eedwood's is in very general 
use, and quoted as the standard instrument of the Petroleum 
Association, it deserves a somewhat full description. It con- 
sists of an outer and an inner copper cylinder. The outer is 5^ 
inches diameter ; the inner or oil container is If inches silvered 
on the inside, and both being attached to a common bottom, 
are 3 inches deep. The outer portion forms a water bath 
which allows of the temperature being raised by the applica- 
tion of heat to a projecting tube attached to the side near the 
bottom. On the opposite side is an opening with cock to 
draw off the water after the testing has been completed. In 
order to keep the heated water at a uniform temperature, 
four paddles are attached to a loose sleeve surrounding the 
oil bath which may be moved as required by a small handle 
fixed to the upper curved portion of the sleeve. In this upper 
portion is also fixed a thermometer to indicate the tempera- 
ture of the water or other liquid used to raise and maintain 
the heat of the contents of this outer bath. In the centre of 
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the bottom of the inner or oil bath is an agate nipple, drilled 
with a narrow hole 072 inch diameter. The upper side of the 
agate forms a small cup, holding a small ball attached to a wire 
which shuts and opens the orifice as required. To the upper 
part of the inner cylinder is fixed a thermometer indicating 
the temperature of the oil. A gauge point also shows the 
height of the oil when the test is begun. The oil is received 
in a 50 c.c. flask. A view and section of the instrument is 
shown below : — 




(Sectional view). 



Fig. 55. Redwood's Viscombteb. 

The instrument is used as follows : The inner oil chamber 
is filled with oil up to the gauge pin, thermometers are im- 
mersed in the oil and in the water, the latter is heated up to 
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the temperatare at which the test is to be made. This heats 
the oil in its turn. When the oil has attained the required 
temperatare, the valve is lifted and the oil allowed to ran 
out ; the time taken to run out 50 c.c. of oil being taken as 
the measure of the viscosity of the oil. The figures on 
page 237 are given by Boverton Eedwood (''Journal Soc. 
Chem. Ind.,*' 1886, p. 128) as obtained with this instru- 
ment. 

Redwood recommends that the observed viscosity (rate of 

flow) be corrected for the effect of specific gravity on the 

.flowing of the oil by multiplying the observed viscosity by 

the specific gravity of the oil, and dividing it by the specific 

gravity of the oil which has been selected as the standard. 

The author considers this an unnecessary proceeding, and 
prefers to take the figures which are given by the viscometer 
as being correct, and to give the true viscosity of an oil. 

The author has devised a viscometer shown in Figure 56. 
This instrument has been devised to be a standard one, and 
not too costly. As will be seen from the drawing, it consists 
essentially of an inner oil chamber constructed of copper. 
This terminates in a short brass tube of narrow bore, the 
aperture of which is closed by a valve. Surrounding the 
inner oil chamber is a water-jacket, the water in which can be 
heated by a separate boiler working on the hot-water circu- 
lating system ; a thermometer can be immersed in the water 
in the jacket and one in the oil. The inner oil chamber 
is filled up to a gauge pin with the oil, the water is then 
heated to a few degrees — 4 or 5 — ^above the temperature at 
which the oils are to be tested, and it is maintained at this 
temperature during the test. This is easily accomplished. 
When the oil has attained the required temperature, the 
valve is opened and the oil allowed to flow out into a measur- 
ing glass or flask, the time in seconds taken for 50 c.c. to 
flow out being taken as the viscosity of the oil. The instru- 
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Viscosity. —Seconds for 50 c.c. 



Tern- 
























c: 


1. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 


9. 


10. 


11. 


Fahr. 
























60 




712^ 




620 




115 


425 


1030 


2040 


2520 




CO 


26i 


540 


177 


470 


— 


105 


2Jti 


680 


1235 


1>80 





70 




405 


13^ 


366 


— 


90 


225 


485 


820 


1320 





80 


— 


3-26 


113 


280 


— 


73 


171 


375 


580 


00 





^0 


— 


260 


96 


219} 
174} 


— 


63} 


136 


262 


426 


640 





100 


— 


213J 


80} 


— 


54 


111 


200 


315 


440 


1016 


110 


— 


159 


70 


147| 


— 


50 


89} 


153 


226 


336 


739} 


120 


— 


147 


60 


126 


— 


47 


78 


126 


174 


i45 


531 


130 


— 


123} 


57 


112 


— 


44} 


63} 


101 


135} 


185 


398} 


140 


— 


105} 
95} 


50} 


88f 


— 


41 


58 


82 


116 


145 


317} 


160 


— 


49 


75} 


— 


37} 


52 


70} 


95 


115 


250 


160 


— 


85 


47} 


70 


— 


— 


46 


63 


83} 


93} 


200 


170 


— 


76 


46 


62 


— 


— 


— 


58 


61} 


77} 
67} 


161 


180 


— 


69 


44} 


56} 


— 


— 


— 


52} 


134} 


190 


— 


64} 


43 


53 


— 


— 


— 


47 


56 


61 


115} 
99} 


200 


— 


68} 


42 


50« 


54J 


— 


— 


42 


48} 


54 


210 


— 


54 


401 


48} 




— 


— 


40 




— 


85 


220 


— 


50 


t9 


47 





— 


— 


38 


_ 





77 


230 


— 


47} 


.6} 


45^ 





— 


— 


— 


— 


— 


70} 


240 


— 


'M 


351 


44f 





— 


— 


— 


— 


— 


64} 


250 


— 


34| 


44 







— 


— 




— 


59} 


260 


— 


£ -^ 


33} 


43} 


40 


— 


— 


— 


— 


— ,• 


54 


270 


— 




32} 


43 


— 


— 


— 


— 


— 


— 


48} 


280 
290 


— 


31} 
30} 


11* 


z 


— 


— 


z 


z . 


— 


46} 
44} 


300 


— 


.a? * 


30 


38 


— 


— 


— 


— 


— 


— 


42« 


810 


— 


t>'§)^ 





35 


— 


— 


— 


— 


— 


— 


— 


320 


— 


i^ 


— 


33^ 


— 


— 


— 


— 


— 


— 


— 



1. Water. 

2. Befined rape oil. 

3. Sperm oil. 

4. Neatsfoot oil. 

5. Beef tallow. 



6. American mineral oil, sp. gr. '885. 

7. „ „ -913. 

8. „ „ -923. 

9. „ „ -909. 
10. „ „ -915. 



11. Bussian mineral oil, sp. gr. *884 (semi-solid at common temperatures). 

ment is very easy to manipulate, and gives very concordant 
results. 

Viscometers constructed on the principles of the one just 
described take no account of the varying specific gravities of 
the different oils, and this must have some influence on the 
length of time that the oil will flow out, as heavy oil will,. 
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Table of Viscosities of Oils, Hurst's Yssoometeb, Seconds in Time fob 

Flow of 60 0.0. 



Oil. 


Temperatures in Degrees Fahrenheit. 


70 


100 


120 


160 


212 


250 


Scotch Mineral OUs 


~— 












866 . 


27 


18 


16 


14 


12 


10 


876 . 


28 


19 


17 


16 


14 


18 


886 . 


85 


22 


18 


15 


14 


18 


890 . 


62 


81 


24 


17 


16 


14 


American Mineral ( 


Oils— 












(a) Pale oUs— 














885 . . 


46 


30 


22 


16 


14 


12 


900 . 


54 


41 


82 


20 


15 


13 


903 to 907. 


129 


47 


28 


22 


19 


16 


Engine . 


266 


931 


50 


27 


22 


18 


(6) Neutral oils- 














Spindle . 


78 


42 


28 


20 


16 


14 


Loom 


83 


62 


36 


22 


19 


17 


Sngine 


140 


61 


40 


26 


22 


19 


(c) Machinery oil 


s— 












Summer dark 


799 


146 


97 


64 


26 


20 


Red oil . 


197 


78 


40 


26 


17 


14 


Bopeoil . 


solid 


110 


43 


26 


18 


14 


(d) Cylinder oils- 


_ 












Dark cylinder 
Extra filtered 


semi-solid 


645 


330 


180 


96 


88 


solid 


394 


147 


67 


32 


28 


Extra valve 


semi-solid 


1162 


583 


302 


105 


89 


Dark red . 


1870 


746 


253 


89 


48 


38 


Gold test . 


1286 


680 


281 


84 


39 


33 


{e) white oils- 














No. 1 


78 


35 


24 


17 


12 





No. 2 


96 


88 


26 


19 


13 


— 


Bussian Mineral Qi 


\ls— 












No. engine 


694 


184 


85 


41 


26 


22 


No. 1 loom 


424 


103 


50 


29 


18 


16 


No. 2 spindle 


ils . 103 


50 


29 


18 


14 


13 


Fatty Oils— 














Tallow . 


solid 


solid 


53 


35 


26 


22 


Tallow oil . 





65 


46 


32 


23 


20 


Rape oil . 


; 135 


55 


45 


28 


20 


18 


Olive oil . 


120 


60 


45 


30 


24 


20 


Coconut oil 


solid 


40 


27 


22 


20 


18 


. Palm oil . 


solid 


55 


34 


28 


25 


22 


Sperm oil . 


63 


31 


26 


20 


17 


16 


Castor oil . 


1220 


270 


170 


129 


86 


73 


Rosin Oil 


449 

i 


116 


74 


48 


19 


13 
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owing to its greater specific gravity, have a tendency to flow 
out quicker than a hght oil whose specific gravity is less 
because the pressure owing to gravity is greater in one case 
than the other. 

In the writer's viscometer this is eliminated as much as 




Fig. 66. Hurst's Viscometer. 



possible by the oil container being made short and wide, but 
it'can never be entirely got rid of in this class of instruments. 
It is eliminated in another form of viscometer. 

Mr. John Peters, of Accrington, has devised a viscometer 
on another principle. In this the effect produced by gravity 
is got rid of. The apparatus is shown in Figure 57. It 
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consists of an oil chamber, the bottom of which is madejof a 
heavy disc of brass, the face of which is turned true in a 
lathe; a similar disc of brass is carried on a spindle and 
supported on the bottom piece on a pivot ; the two brasses do 
not touch one another, but are carefully set a small distance 




Fig. 57. Viscometer. 

apart. On the top of the upper brass is fixed a pair of fans 
forming a kind of paddle. The disc paddle is made to 
revolve by the falling of a weight attached to a string 
acting on a pulley or drum on the top of the spindle, and 
the relative viscosities of different oils materially affect the 
speed at which the paddle revolves, and therefore the time 
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taken to fall a given distance is a measure of the viscosity of 
the oils. The time can be regulated to some extent, but 
it is usual to have a weight that will, when rape oil is being 
tested, run down about 3 feet in 100 seconds. This apparatus 
gives good results, and one instrument can be compared with 
another, so that it is quite standard. 

Cottrell's viscometer resembles Peters', but it has not the 
faced brasses. Napier's instrument has a number of con- 
centric rings, which revolve one in the other. Both these 
instruments are actuated by the falling of weights. 

The main fault of these frictional viscometers, if they 
might be so called, seems to arise from the fact that their 
scope of action is not wide enough. If the weight is adapted 
to just pull the paddles round in a thick viscid oil like castor 
it is too heavy for light hydrocarbon oils, say a 0*865 Scotch 
oil, and runs down too quickly in such oils, so that it is diffi- 
cult to distinguish small differences in the viscosity of two 
samples of lubricating oil which closely resemble one an- 
other. This difficulty is experienced in a greater degree when 
working at high temperature, when the viscosities of oils are 
very nearly alike. This difficulty may be overcome to some 
extent by using a set of weights, light for light oils and high 
temperatures, medium for medium oils, and a heavy weight 
for viscid oils, only there is a risk of not getting properly 
comparative results. 

It is customary to take rape oil as a standard = 100, 
at 70° Fahr., in stating the viscosity of an oil. On the paddle 
form of instrument the weight can be so adjusted that it 
will fall the given distance in 100 seconds and then the 
instrument will give the relative viscosity of other oils 
compared with rape oil ( = 100) without further calculation. 

Bape oil is taken as a standard because it is an oil with 

a good viscosity, and can be obtained without much trouble 

fairly pure and of a uniform quality. 

16 
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With the flowing forms of viscometer a simple proportion 

sum will give the relative viscosities. Thus let A = the 

viscosity of rape oil, B the viscosity of the oil tested, then 

A X 100 

— ^ — = X, the relative viscosity of the oil. It has been 

proposed to eliminate the supposed effect of gravity on the 
rate of flow of the oil by multiplying the viscosity of the oil 
by its gravity, and dividing the result by the viscosity of rape 
oil, multiplied by its specific gravity. Such is called by some 
writers ** specific viscosity'*. There is no advantage to be 
gained by the use of this new term, and as it is not very clear 
to most persons what it means, it is best to stick to the well 
understood method of stating viscosities. 

The following table gives the relative viscosities of various 
oils at different temperatures : — 

ViscosiTiBS OF Oils. 
Standard Rape Oil at 70° ^^.=100. 





70° F. 


120° F. 


180° F. 


212° F. 


Scotch mineral oils— 










865 sp. gr. 


20 


16 


12 


11 


885 „ . . 


45 


16 


18 


12 


890 „ . . 


63 


20 


14 


13-5 


. American mineral oils — 










885 sp. gr. 


36 


16 


11 


10-5 


910 , . . 


85 


25 


12 


12 


915 „ 


90 


26 


15 


12-5 


920 „ ^ . . 


127 


80 


20 


17 


Cylinder oil 


1860 


230 


66 


43 


Summer dark machinery 


1300 


90 


33 


21 


Medium ,, 


245 


50 


20 


17 


Russian mineral oils — 










896 sp. gr. 


66 


26 


16 


12 


908 „ . . 


122 


47 


20 


14 


914 „ 


316 


94 


24 


17 


910 „ dark . 


236 


78 


22 


16 


Rosin oil . 


221 


22 


12' 


12 



This table shows the influence of temperature on these 
oils. It will be noticed that they all become much more 
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fluid as the temperature rises, and with a few exceptions 
that there is not as much difference between them at the 
boiling point (10*5 to 17) as there is in the viscosities at 70" 
Fahr. (20 to 1860). This is a curious feature. It will be 
noticed that the fluidity increases very rapidly between 120° 
Fahr. and 180° Fahr., and that there is very little difference 
between the viscosity of an oil at 180° to 212° Fahr. The 
Bussian oils it will be seen are, compare^ with their grav- 
ities, more viscid oils than the American oils, but they lose 
this much more rapidly by heat. The author is of opinion, 
as the result of much observation on the behaviour of oils in 
regard to their viscosity at different temperatures, that there 
is what may be called a ** critical point,'* at which tempera- 
ture the oil begins to lose its viscosity more rapidly, and 
below which point the loss of viscosity on heating is very 
slow; this critical point varies with different oils, but the 
author has not been able to do more than make a few tenta- 
tive experiments on the subject. 

The editor has attempted to show that gravity has very 
little to do with the usefulness of an oil, and is very little to 
be, depended on as a means of identification. More import- 
ant is the property of viscosity, and here also there is no con- 
stancy of result in the animal and vegetable oils. In a Uke 
table of the results of 550 tests of various commercial oils, 
accepted as genuine, the Southern sperm and Arctic, especially 
the former, are fairly constant ; the others enumerated before 
are far from being so; still there is a very considerable gap 
between the most viscous sample of the sperms and the least 
viscous of the others : so that for the property of viscosity 
each sample must be examined separately and no given 
constant taken for granted. Of course with shale and 
mineral oils, a study of the conditions of manufacture will 
show how the gravities are a matter of arrangement, and in 
a less degree the viscosities also, although they do not always 
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advance with equal step. The very large producers of 
mineral and shale oils and petroleums, American and Russian^ 
as the Anglo-American and Nobel Brothers, sell from such 
large stocks that their various brands may be depended on,, 
and many oil merchants knowing the properties of these, 
confine their purchases to them. Besides viscosity of itself 
is no measure of the lubricative efl&ciency of an oil. Sperm 
oil is the thinnest of oils and a splendid lubricant, so castor 
oil is one of the most viscous and also a splendid lubricant of 
its kind — the former for light, the latter for heavy engines. 
The adaptations of each to its suitable work will be treated 
of when oil-testing machines are considered. By the way, it 
is curious that castor is used lA some aeroplane machinery, 
the tremendous speed and temperature soon developing heat 
to reduce it to a suitable consistency. 

6. Flash test. This is one of the most important tests to- 
apply to mixed mineral or lubricating oils. It is most easily 
carried out in the following way : — 

Procure a white porcelain basin of about 2 oz. capacity, 
or better a copper vessel, and support it by suitable means, 
over a Bunsen burner, nearly fill it with the oil to be tested, 
and hang a thermometer in the oil. The bulb of the latter 
should be completely covered by the oil, while it should not 
be allowed to touch the bottom or sides of the basin.. 
Connect with another gas supply an ordinary mouth blowpipe, 
and adjust the supply of gas to this so that the flame at the 
jet is only about the size of a small pea. Then heat the oil,, 
carefully adjusting the size of the Bunsen flame so that the 
heating of the oil is not carried on too rapidly ; a rise of 
10'' Fahr. per minute is the generally recognized amount of 
heating, and it is not advisable to exceed this amount. A 
slow rate gives much more accurate results than a quick rate 
of heating. 

During the progress of this test three points can be 
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observed : Ist, the vaporizing point ; 2ncl, the flash point ; 
3rd, the burning point or fire test. 

The vaporizing point. — This is the first point to be 
observed. It is the temperature at which a perceptible 
vapour begins to be perceived. This is also known as the 
*' smoke point '*. As a rule it is not considered of much im- 
portance, and what particular value it has is somewhat un- 
certain. Of course oils with a low vaporizing temperature, 
«ay of less than 150° to 160° Fahr., would be unpleasant to 
work with on machinery where that temperature is likely to 
be exceeded. 

The method of carrying out and the rapidity of heating 
have a considerable influence on the temperature at which 
an oil will begin to give off vapour. If the basin is heated 
rapidly over a naked flame the temperature of vaporizing will 
be much less than when the basin is heated on a sand bath. 
A difference of 20"" or even 30° Fahr. may often be obtained 
by these two different methods of heating the oil. Those 
dealers and consumers who attach particular importance to 
the smoke point always immerse the basin of oil in a deep 
sand bath, taking care that it is well surrounded with sand. 
It is only by this means that different observers can obtain 
concordant results on the smoke point. 

The flash point, — If, while the oil is being heated, the 
small gas jet is applied at short intervals, say every two or 
three degrees of rise in the temperature, taking care not to 
let the flame touch the surface of the oil, soon a blue flame 
will be observed to shoot across the surface of the oil. The 
temperature at which this flame is first seen is the flash 
point. 

Whether a sand bath or a naked flame is used for heat- 
ing the oil makes but little difference in the flash point, rarely 
more than what different observers would note with the same 
oil. The higher the flash point the safer is the oil to use, 
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because then there is no chance of it giving off any inflam- 
mable vapour at any temperature to which it may be sub- 
jected in actual use. This point of inflammability is of 
particular importance to cotton mills, where there is such a 
large quantity of fluff always about the machinery. If an 
oil with a low flash point were used and the temperature 
should by accident get above the flash point, and a light 
come in contact, it is quite possible that the oil would catch 
fire, and this would be sure to spread through the fluff and 
hence probably through the mill, so that it is of particular 
importance in a cotton mill to use an oil with a sufficiently 
high flash point. 350° Fahr. is quite a safe point, and there 
is no necessity to much exceed this point. Some dealers 
pride themselves on the high points of their oils, but a high 
flash point is not all that is wanted in an oil. There is the 
proper viscosity to be considered, and, generally speaking, 
high flash points and high viscosities go together, and thus 
where you want, as in spindle oils, a moderate viscosity only, 
you cannot have very high flash points, and if the latter 
feature is only considered, then an oil may be used which, 
owing to its high viscosity, is not the most suitable for the 
purposes. For use in cotton and other textile mills, where 
the peculiar conditions and material introduce a special ele- 
ment of danger, the oils should not flash at a lower tempera- 
ture than 350° Fahr., while for all other mills and works 
330° Fahr. may be accepted as a safe point. For cylinder 
oils 500° Fahr. is the lowest flashing point usually accepted 
as safe, but in the case of oils for lubricating cylinders 
there cannot be any question of safety, because they are 
used under such circumstances as to preclude any idea of 
their taking fire. • The true test of the value of a cylinder 
oil is its having a good viscosity which it does not lose to 
any great extent on being heated. 

There is, however, a connexion between a high flash point 
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and a high viscosity in cylinder oils. The process of manu- 
facture consists in eliminating all light portions, the presence 
of which would reduce the flash point and the viscosity con- 
siderably. The flash point is much easier to ascertain than 
the viscosity, hence the reason attention is given to it, not 
from any considerations of safety. 

The burning point, — This is known in America as the 
" fire test '*. If, after the flash point has been determined, 
the heating of the oil be continued, it will be observed that 
the flashing becomes more frequent and the flame gets more 
luminous. Presently the flame, instead of going out, will 
continue to burn. The temperature at which this occurs is 
** the burning point " or **fire test". This point is not re- 
garded as of very much use in this country, nor, indeed, is 
it ; but in America it is considered of quite as much import- 
ance as the flashing point. 

The following table gives the three points of the chief 
varieties of hydrocarbon oils : — '■ 





DiGRBBs Fahrenheit. 


Vaporizing 
Tempera- 
ture. 


Flash 
Point. 


Burning 
Point. 


Scotch shale oil, 865 .... 


178 


318 


382 


875 ... . 


184 


830 


406 


885 . . . 


203 


353 


420 


890 ... . 


280 


376 


448 


American petroleum oil, pale, 885 . 


— 


— 


— 


» 908-907 . 


210 


3J2 


458 


» 915 . 


220 


422 


488 


,. 920 . . 


284 


428 


484 


Cylinder . 


266 


462 


— 


»i ji >» * • 


270 


528 


— 


Russian petroleum oil, pale, 896 


190 


348 


410 


„ 908 . 


210 


384 


470 


n ^^14 . 


280 


390 


496 


„ 910 (Re- 








siduum) 


180 


320 


410 


Rosin oil, 985 


190 


320 


885 
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The method of ascertaining the flashing point described 
above is known as '*the open flash test *\ There is another 
mode of carrying out this test known as the " closed flash 
test". The oil is heated in a metal vessel fitted with a cover 
in which are two apertures — one for the thermometer; the 
other aperture is fitted with a sliding cover. The oil is 
heated in the usual way. When heated to v^thin a few 
degrees of its flash point, the sliding cover is drawn on one 
side, and the test flame inserted. If no effect is produced, 
the flame is withdrawn, the sliding cover replaced, and .the 
heating continued. These operations are repeated at inter- 
vals of every two or three degrees until, on the introduction 
of the test flame, a flash or slight explosion is observed. The 
temperature indicated by the thermometer is noted as the 
flash point. 

The flash point by the closed test is always lower, from 
12 to 20 degrees, than by the open test. 

The author does not regard the closed flash test as thus 
carried out with much favour. He finds that different ob- 
servers get very different results, which are due to differences 
in the construction of the test apparatus, the quantity of air 
in proportion to the oil used in the apparatus, and one or 
two minor differences which affect the flash point as deter- 
mined by the closed test. With the open test these differ- 
ences are not produced. It makes but little difference with 
what apparatus the test is carried out, whether with large 
or small quantities of oil, providing the rate of heat is not 
too rapid. 

The best instrument for the determining of the flashing 
point of lubricating oils by a close test is Gray's, shown in 
Figure 58. This instrument consists of a brass cup of the 
same size as that used in the Government standard petroleum 
tester, viz. 2 inches in diameter by 2y-o inches in depth. A 
line cut round the inside of the cup, 1^ inches from the 
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bottom, indicates the height to which it is to be filled in test- 
ing oil. The cup is closed by a tightly fitting cover, through 
the centre of which a small shaft or spindle passes to the 
bottom of the cup, carrying two sets of stirrers, one of which 
is below the surface of the oil, the other in the vapour space 




Fig. 58. Gray's Flash Point Apparatus. 

above. On the top of the spindle, above the lid, a small 
bevelled wheel with a milled edge is fixed, which gears with a 
Tertical bevelled wheel on the inner edge of a horizontal shaft 
-carried on two standards fixed on the lid, and terminating at 
i;he outer end in a disc of non-conducting material in which 
is fixed a handle for rotating the shaft. There are four open- 
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ings in the lid. Through one a thermometer is inserted to 
indicate the temperature of the oil. The remaining three 
provide means of producing the flash. One of these is im- 
mediately in front of the small tilting lamp which ignites the 
gases. The other two, one on each side, admit air to produce 
the explosive mixture. These parts are normally closed by 
the loose, three-quarter disc, flat cover, provided with open- 
ings which, when the cover is turned one quarter round, coin- 
cide with the ports in the fixed lid. 

In using this instrument, the cup is filled to the mark 
with the oil to be tested. The test lamp is lighted ; the 
flame being adjusted to about ^ inch in size. Heat is applied 
below the oil cup by a gas or spirit flame, either direct or 
through the medium of a sand bath, and the temperature o^ 
the oil raised at the rate of 10° to 15° Fahr. per minute ; the 
stirrers being turned at short intervals during the process of 
heating. When nearing the point at which the oil is expected 
to flash, it is advisable to reduce the rate of heating in order 
that observations may be more accurately made. 

The test for flashing point is made by drawing the hori- 
zontal shaft, which has about J inch end play, outwards, 
which puts it out of gear with the stirrers and in gear with 
the sliding cover, which, being partly turned, opens the ports, 
and tilts the flame of the test lamp into the centre one. If 
gas is present in suflScient quantity, a slight flash with an 
explosion is produced; if not, the ports are au^tomatically 
closed, the heating is continued, the stirrers being used, and the 
test for '* flash " repeated at intervals till the flash is observed^ 
the temperature at which this occurs being taken as the 
flashing point of the oil. 

7. Evaporation Test. This is carried out by weighing into 
a watch glass a small quantity of the oil, exposing it in an oven 
to a temperature of 212° Fahr. for twenty-four hours, then 
re weighing it. A good sample of oil should not lose more 
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than from 0*25 to 0*6 per cent, and if a sample should lose 
more than 1 per cent it ought to be regarded with suspicion. 
Cylinder oils may be tested by heating to 350° Fahr. for 
some hours and weighing at intervals and noting the rate of 
evaporation. Thus soine cylinder oils heated to this tem- 
perature lost — 

In 60 Hours. In 180 Hours. 
Sample. Per cent Per cent. 

A. Dark brown 3-4 4-0 

B. Pale red 2-3 2-6 

C. Green 10*2 12-2 

D. Red 6'1 8-2 

A good oil will not lose more than 5 per cent under these 
conditions. 

Archbutt has devised a method of ascertaining the rate of 
evaporation of cylinder oils, which is said to give reliable and 
very accurate results. This is carried out in a piece of 
apparatus specially designed for it. Through a hot air oven he 
carries a piece of iron tubing ^ of an inch in diameter ; this 
has fitted in it a glass tube which is just big enough to fit it 
tightly. In the middle of this glass tube is placed a platinum 
or porcelain boat, containing a weighed quantity (05 to 1 
gramme) of the oil to be tested. In the upper part of the 
oven is a coil of pipes, through which a current of air at the 
rate of two litres a minute can be passed. This coil is con- 
nected with the glass tube containing the boat of oil, so that 
the air is heated to the temperature of the oven before it goes 
over the oil. After an hour's exposure to the current of hot 
air, the boat of oil is taken out, reweighed, and the loss of 
weight noted. 

Of the two varieties of cylinder oils the filtered oils lose 
least, the amount of loss averaging less than 0*5 per cent, 
although samples losing about 0*75 per cent are met with. 
The dark natural oils lose most, the loss in some cases being 
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as much as 5 per cent, while occasionally samples of such oils 
may be met with which actually gain weight. 

Particulars of this test are often left out of chemical reports 
on lubricating oils, but they might be inserted with advantage. 

The last three tests are specially applicable to mineral or 
mixed lubricating oils. 

The tabulated results which have already been referred to 
as showing a great variety in the specific gravities of oils of 
organic origin show alike a great variety in their several vis- 
cosities, in the degree of temperature at which they severally 
flash, boil, and solidify. When we consider what differences 
may occur in the condition, feeding, and age of the animal 
yielding the oil, at the time of slaughtering, and those of soil, 
climate, and season, in the case of the plant yielding the seed 
or fruit from which the several oils are expressed, we think it 
no wonder that such differences exist ; and consider, that ex- 
cept in the case of isolated fatty acids, which are of invariable 
chemical constitution, the term constants occurring in most 
tables giving the physical or chemical properties of various 
oils in textbooks, needs qualification, if, indeed, the word in- 
constants should not be rather applied. No objection could be 
made to the term average. The following tables A, B, C, and 
D, contain the average results of several hundred tests of com- 
mercial oils, accepted as genuine of their kinds at Messrs. 
Price's Patent Oil <fe Candle Factory. The viscometer used 
was constructed on the same principle as that of Eedwood. 

In the viscosity column except in that of table C, it 
must be noted that the standard adopted for viscosity is sperm 
oil which, on account of its greater constancy, Mr. Wilson 
regards as preferable to rape oil which exhibits a much wider 
range in this respect. 
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As a rule, the application of the tests described above will 
usually be found to be sufficient for 'an oil dealer or consumer 
to obtain a good idea of the quality of the sample to be 
tested. There are, however, a few other useful tests that 
may from time to time be found of service in the examination 
of oils for adulteration or otherwise. 

8. Valentas Acetic Acid Test. If equal volumes of glacial 
acetic acid and a fat oil be mixed together and then heated, 
the two liquids will amalgamate together and a clear solution 
will be obtained. On allowing to stand, a cloud will in a. 
short time make its appearance in the liquid. Valenta dis- 
covered that this cloud makes its appearance at different- 
temperatures in different oils, the ** turbidity temperature, '*' 
as it is called, being the point to be ascertained. Valenta'& 
work has been more or less confirmed by subsequent ob- 
servers, but still there are differences in the recorded obser- 
vations which serve to show that there are several modifying^ 
circumstances in the application and carrying out of the test 
which must be taken into account. The strength of the acid 
is important. The temperature at which the turbidity is ob- 
tained is distinctly higher with a weak than with a strong^ 
acid ; a dry test tube or glass is necessary to obtain satis- 
factory results. Einsing with water must be avoided, as the 
small quantity of water left in the glass will affect the sub- 
sequent tests. Slight differences are also observable by vari- 
ations in the manner in which the test is made. 

The author has obtained the results given in table on 
p. 257 with this test, using 5 c.c. of the acid and oil, very con- 
venient quantities, in a wide test tube, the thermometer being- 
immersed in the oil during the whole of the operation : — 

For further details, see a paper in the "Journal of the 
Society of Chemical Industry " for January, 1887. 

9. HvhVs Iodine Test, If an oil is mixed with a small quantity 
of an alcoholic solution of iodine, the latter gradually becomes 
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Turbidity ' 




Turbidity 


Oil. 


Temperature 


Oil. 


Temperature 




Centigrade. 




Centigrade. 


Colza 


99 


Rape . 


90 


Castor 


Soluble at 

ordinal^ 

temperature 


Ground nut 


72 


Neatsfoot . 


85 


Lard . 


76 


Cotton seed 


63 


Olive . 


76 


Sperm 


86 


Whale 


71 


Oleic acid . 


Soluble at 

ordinaiy 

temperature 


Ox . 


48 



decolorized. This has been found to be due to the fatty acid 
of the oil combining with the iodine and forming compounds 
with it. The fatty acids present in oils belong to three distinct 
series : One, the stearic series (better known to chemists as 
the acetic series) ; this series does not combine with iodine, 
so that the larger the proportion of the glycerides of these 
acids there is in an oil, the smaller the quantity of iodine with 
which they will combine. The second series of fatty acids is 
the oleic series ; each of these is capable of combining with 
iodine in the proportion of two atoms of iodine to one molecule 
of fatty acid. The third series is sometimes called the tetrolic 
or linolic series ; these absorb four atoms of iodine for each 
molecule of fatty acid, and as the acids of these series are 
characteristic of drying oils, it follows that linseed and other 
drying oils absorb more iodine than any other class of fatty oils. 
Based on these principles is founded HubPs iodine test, 
which has for its object the determination of the amount 
of iodine absorbed by an oil. It is carried out as follows : 
Five solutions are prepared. 1st, a solution of 25 grammes 
of iodine in 500 c.c. of alcohol ; 2nd, a solution of 30 grammes 
of mercuric chloride in 500 c.c of alcohol ; 3rd, a solution of 
10 grammes of iodide of potassium in 100 c.c. of water ; 4th, 

a solution of 24*8 grammes sodium thiosulphate (hyposulphite) 

17 
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in 1000 c.c. of water (each c.c. of this is equivalent to 0*0127 
gramme of iodine) ; 5th, a solution of 2 grammes of starch in 
100 c.c. of water. 

Two grammes of the oil are weighed oiit and dissolved in 
100 c.c. of chloroform, and from JLO to 20 c.c. of this solution 
are taken, for drying oils 10 c.c. are sufl&cient, for other oils 
20 c.c. Twenty c.c. of the iodine solution and 20 c.c. of the 
mercury solution are added, and the mixture allowed to stand 
for one and a half to two hours ; equal quantities of the 
chloroform, iodine, and mercury solutions are also mixed to- 
gether to make a blank test. At the end of the time, 20 c.c. 
of the iodine solution and 20 c.c. of the starch solution are 
added, and the mixture titrated with the sodium thiosulphate 
solution, until the blue colour is discharged. The difference 
in the quantity of the sodium thiosulphate solution used in 
the two experiments, the blank test and the one with oil, 
represents the quantity of iodine absorbed by the oil. The 
quantity of iodine absorbed by 100 parts of oil is called the 
^* iodine equivalent **. 

10. MilVs Bromine Test depends on the same principle, only 
a solution of bromine is used instead of the iodine solution, 
the excess of bromine being measured colorimetrically. The 
following table gives the iodine and bromine equivalents of 
a number of the fatty oils : — 



Oil. 


Iodine 


Bromine 


Equivalent. 


Equivalent. 


Linseed oil 


158 


76 


Cotton oil . • . 


106 


60 


Thickened cotton oil 


50-2 


31-4 


Rape oil . , 


100 


69-4 


Thickened rape oil . 


46-6 


28-5 


Castor oil . 


84-4 


58-5 


Olive oil . 




82-8 


64 


Lard . 




69 


a7-2 


Tallow . 




40 


28 


Coconut oil 




8-4 


5-7 


Palm oil . 




51-6 


34-7 


Hypogaeic acid 




100 


63 


Oleic acid . 




89-8 


56-6 


Ricinoleic . 




85 


63-6 


Linoleic acid 




201-5 


126-9 
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Hydrocarbon oils are also capable of absorbing iodine and 
bromine, the quantity absorbed being dependent upon the 
proportion of olefins the oils contain. Parafl&ns have no 
afl&nity for iodine or bromine : hence American oils, contain- 
ing as they do more parafi&n than the Scotch shale oils, ab- 
sorb less than the latter as a general rule. The following 
table gives a few iodine and bromine equivalents of petroleum 
and shale products : — 



Name of Oils. 


Iodine 
Equivalent 


Bromine 
Equivalent. 


Scotch shale oil, 886 




23-5 


14-7 


890 




20-6 


12-9 


908 




23-2 


U-5 


863 




29-2 


18-3 


873 




26-0 


16-3 


American petroleum oi 


1,905 


9-7 


61 


it 


916 


7-8 


4-9 


If 


911 


8-1 


6'1 



11. Hehners Bromine Test, Mr. O. H. Hehner describes 
(** Analyst,** 1896, p, 50) the following gravimetric method of 
determining the bromine absorption of oils : A small wide- 
mouthed flask is carefully weighed and from 1 to 3 grammes 
of the fat introduced into it. These are dissolved in 10 c.c. 
of chloroform, and then pure bromine is added, drop by drop, 
until the bromine is decidedly in excess. Both the chloro- 
form and the bromine must be previously tested in a blank 
experiment to make sure that they leave no appreciable 
residue on heating. The flask and its contents are then 
heated on the water bath till most of the bromine is driven 
oflf, a little more chloroform is added and the mixture again 
heated, the chloroform vapour helping to drive out the excess 
of bromine. Then the flask and its contents are placed in 
an air bath regulated for about 125° C, and kept there until 
repeated weighing show their weight to be constant : this 
takes several hours. Some acrolein and hydrobromic acids 
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escape during the drying. The increase in weight is the 
amount of bromine absorbed. This process gives very satis- 
factory results : the writer has obtained the following figures 
from different oils : — 

Menhaden fish oil 48*6 per cent. 

Pale sea oil 87'6 „ 

Pale whale oil 4*6 „ 

Scotch cod oil 59*9 „ 

Japan fish oil 123*3 „ 

Arctic sperm oil 59*9 „ 

Straw seal oil 137 2 „ 

Olive oil 61-3 „ 

Lard 40*6 „ 

Butter 21-6 „ 

Castor oil 48-7 „ 

Linseed oil (raw) 114*2 ,, 

(boiled) 60-0 „ 

M 1120 ,. 

12. Elaidin Test. For testing the purity of olive oil there 
is scarcely a better process than the elaidin test or Poutet's 
test, which was first devised in 1819. The best method of 
carrying it out is that described by Archbutt (" Jour. Soc. Chem. 
Ind.,** p. 306). The test solution is made by dissolving 18 
grammes of mercury in 15*6 c.c. of strong nitric acid of 1*42 
specific gravity. The solution is best effected in a glass tube 
kept cool by immersion in water. The test solution will 
have a green colour, and as long as it has this colour it is 
in fit condition to use. 

' Archbutt used 96 grammes of oil to 8 grammes of the 
test solution, but 50 c.c. of oil to 2 c.c. of solution is a very 
convenient quantity to take. The oil and solution are mixed 
together and allowed to stand for some hours, being stirred 
up at intervals if required. The time taken to solidify the 
oil is noted, the consistence of the solid mass, and also its- 
colour. 

Archbutt gives the following particulars of results obtained 
by this test : — 
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ou. 


Time to Solidify. 


Colour of Mass. 


Consistence. 


Olive . 


60 minutes . 


Canary yellow 


Hard and impene- 
trable. 
Penetrable. 


Oleic acid . 


•50 „ . . 


Lemon yellow 


Nut . 


60 to 90 minutes . 


Lemon . 


Soft. 


Neatsfoot . 


180 minutes . 


»> • • 


Penetrable. 


Rape . 


More than 6 hours 


Deep orange . 


Apparently solid, 
miscible with 
water. 


Bottlenose . 


160 minutes . 


Deep lemon . 


Soft. 


Southern sperm 


Not solid, but 
thick in 6 hours 


Orange . 


Buttery. 


Ground nui 


— 




Soft. 


Cotton 





M 


Turbid fluid. 


Niger 







Thin fluid. 


Cod liver . 


— 


Blood red 


Fluid. 


Castor 





Lemon . 


Like oil 


Sesame 





Orange 


Thick but fluid. 


Menhaden . 


— 


Dark red 


Turbid. 



13. Molecular Weight of Fatty Acids. Occasionally it is 
desirable, for the purpose of distinguishing between various 
oils, to determine the molecular or combining weight of the 
fatty acids obtained from them. This is done as follows : 
10 grammes of the fatty acid are weighed out, dissolved in 
methylated spirit, a little alcoholic solution of phenol phtha- 
lein added, and then titrated with normal caustic soda until a 
permanent pink coloration is obtained. 

To calculate the combining weight, multiply the number 
of cubic centimetres of caustic soda used by 0*04, which gives 
the weight of caustic soda needed to combine with the 10 
grammes of oil. Then divide this number into the weight 
of oil taken and multiply the result by 40, when the combin- 
ing -v^eight will be obtained. 

14. Melting Point of Fats, The most convenient way of 
ajscertaining the melting point of fats is that known as the 
capillary tube method. This is carried out in the following 
manner : A piece of thin glass tubing is drawn out at one 
end into a capillary tube. The fat or substance whose 
melting point is required is heated in a small glass beaker 
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until it is just melted, and the end of the capillary tube 
dipped into the melted fat; some will be taken up. The 
tube is withdrawn and placed on one side for some time to 
cool, to allow the fat to solidify. The capillary tube is next 
tied to the stem of a thermometer in such a way that the 
bulb and capillary tube where the fat is are close together. 
A beaker of cold water is placed on a sand bath and heated 
by a Bunsen burner. The thermometer is suspended in the 
centre of the water. As long as the temperature remains 
below the melting point of the fat, the latter will be opaque 
and stationary, but when the melting point is reached then 
the fat becomes transparent and will rise in the tube. When 
this event is noticed, the temperature is read oflf on the ther- 
mometer, and this gives the melting point of the fat. 

15. Beicherfs test Some fats, notably coconut oil, palm 
nut oil, butter, whale oil, contain fatty acids which are sol- 
uble in water, and, when distilled along with water, volatilize 
and distil over, the distillate having an acid reaction. It has 
been found possible to employ this property as a test in the 
examination of oils, and from having been originally devised 
by Eeichert, is known by his name. Since its first intro- 
duction other analysts have published sundry modifications in 
the manner of carrying it out. 

Eeichert's test is carried out in the following manner : 
2*5 grammes of the oil or fat are thoroughly saponified by 
boiling with 25 c.c. of a normal, or nearly so, alcoholic solution 
of caustic potash, in the same manner as is adopted for the 
Koettstorfer. After the saponification is complete, boil until 
all the alcohol has been boiled off, then dilute with water, 
add sufficient dilute sulphuric acid to decompose the soap, 
add water, if necessary, to bring up the volume to 75 c.c. 
Then distil in a retort until 50 c.c. have come over, taking 
care to avoid bumping over of the liquid. Should the distil- 
late' be cloudy or show the presence of fat globules, filter it, 
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washing the filter with warm water. Then titrate the clear 
distillate with decinormal caustic soda, using phenol phthalein 
as an indicator, noting the number of c.c/s of the alkaline 
solution required. 

The following are a few figures obtained with this test :— . 



Fat or Oil. 


No. of c.c.*s of ^ KOH used. 


Butter . 

Coconut oil ....... . 

Palm nut oil 

Palm oil 

Whale oil 

Sperm oil 

Cotton seed oil 

Castor oil 

Thickened Rape oil 

„ cotton seed oil 


12-5 to 15-2 
3-5 
2-6 
0-8 
3-7 
1-7 
0-3 
1-4 
12 
1-3 



16. Tar in cylinder oils. Some chemists have professed to 
find a small quantity of matter which for want of a better 
name they have called ** tar '*. They take 5 grammes of the 
oil and mix it with 100 c.c. of petroleum ether and allow the 
mixture to stand for twelve hours. In some of the darker 
coloured cylinder oils a small blackish deposit will have 
formed, too small in most cases to weigh, and the amount can 
only be approximately and comparatively estimated. The 
name of tar conveys to one's mind the idea of a substance 
which is detrimental to the lubricating value of the oil, but it 
has not been conclusively shown that the substance which 
has received this name and found in oils has no lubricating 
power at all. The author is strongly of opinion that this 
feature of oils is of no importance. 

17. Gum in oils. Alcohol has but a slight solvent action 
on oils, particularly the hydrocarbon oils. Some chemists 
have considered that what alcohol extracts from such oils is 
not oil at all, but a substance to which they have given the 
name of ** gum '*. They take 6 to 10 grammes of the oil. 



Digitized by VjOOQIC 



264 LUBRICATING OILS. 

shake it well with 100 c.c. of alcohol, pour the alcohol into 
a weighed beaker, evaporate off the alcohol and weigh the 
residue, which they call ** gum,'" but which might just as well 
be a small trace of oil that the alcohol has taken up. The 
author has found cylinder oils to yield from '75 to 3 per cent 
of such extractive matter, but considers it to be a measure of 
the solubility of the oil in the alcohol rather than proof of 
the presence of " gum *' in the oil. Usually, too, it will be 
found that the more alcohol that is used the more will be 
dissolved out. 

18. Paraffin in oils. To detect the presence of paraffin in 
oils, 10 to 20 grammes should be weighed out and dissolved 
in 100 to 150 C.C. of petroleum ether in a conical flask. The 
flask and its contents is now immersed in a mixture of 
pounded ice and salt, by which means it is cooled down to 
0° Fahr. If there be any paraffin in the oil, it will crystal- 
lize out and the oil will become turbid in appearance. To 
determine the amount filter the cold oil through a funnel sur- 
rounded by the freezing mixture of ice and salt, wash it with 
cold petroleum ether, then dissolve it in warm petroleum 
ether, next evaporate off the ether from the solution thus got 
by means of a water bath, then weigh the residue of wax 

which is left. 

Oil Testing Machines. 

For the purpose of obtaining a greater knowledge of the 
practical working of oils in the lubrication of machinery than 
i& possible by means of the tests given above, mechanical 
tests have been devised from time to time, and quite a num- 
ber of these oil testing machines are now in use in various 
ail wotks and machinery establishments in the country, muny 
hiviihg been specially designed for the users' own purposes, 
and baife not been put' on tlie market. 

^ ri ;Bractically, only ttree are now in m'iich use: these are 
t|i;e^ Ingram & Stapfer, th6 Thurston, knd the Thomas. 
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In order to determine precisely what oils are adapted to 
any special purpose, or to ascertain what uses an oil is best 
fitted for, it is necessary to make an examination of the 
lubricant while it is working under the specified conditions. 
That is to say, the oil should be put upon a journal of the 
character of that on which it is proposed to use it, and sub- 
jecting it to the pressure proposed, and running it at the 
speed at which the journal is expected to attain, its behaviour 
under these conditions will then show conclusively its adapta- 
Mity to such a purpose. 

While running, it is necessary to measure the friction 
produced and to determine its coefficiency, as well as to be 
able to note its durability and the rise in temperature of the 
l^earing. These qualities beiiig determined and recorded, all 
IS known of the oil that is needed to determine its lubricating 
power and its value lor the purpose intended.. 

The Ingram & Stapfer machine is made by Messrs. W. 
H. Bailey & Co. of Salford. This machine is represented 
in Figure 59, and is made in two sizes: a small size for 
ordinary oil testing, and a large size adapted for the testing 
of heavy machinery oils, railway work, etc., intended for use 
in large bearings, carriage and waggon axles. 

This machine consists of a bed-plate having upon it a 
pair of standards carrying a short length of shafting, upon 
which is a testing journal fitted with two brass steps, the 
•speed at which the shaft is driven being about 2000 revolu- 
tions per minute, but can be regulated. The friction is 
brought to bear by levers, and weights somewhat after the 
naanner of a friction brake, as shown in the drawing, acting 
on the steps. On the top step is a thermometer for indicat- 
ing any increase in temperq,ture caused by the friction. A 
■dial indicates the number of revolutions that the shaft makes 
-during the test* The machines used for testing light oils 
iave the friction journals, where the oil is tested, three inches 
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in diameter ; those for testing tallow and heavier oils are of 
larger diameter (six inches). 

This machine is used in the following manner : The top 
and bottom steps should be well cleaned before each experi- 
ment, and kept free from dust ; the bearings of the spindle 
should be well oiled to prevent friction in the wrong place. 
It should run half a day well oiled before a test takes place 
when first fixed. 

The oil must be measured in a small glass tube (a. 




Fig. 59. Ingram & Staffer Oil Testing Machine. 

homoeopathic bottle will do, or a hole in a small key, if it is 
smooth inside). In emptying its contents, the measure 
should be warmed over a flame to enable the oil to flow freely 
from it. The measure should be well cleaned out each time. 
Two drops only have often been used, and a glass pencil 
dipped into the oil, and then held until the drops ac- 
cumulate, will be found useful, but a definite weight or 
measure is the best. 

The thermometer should, as far as possible, always in* 
dicate the same temperature at starting. It is found that 
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150° Fahr. is the best to try all oils to, if their lubricating 
power is to be measured, and the machine should always be 
driven until that temperature is indicated, and then immedi- 
ately stopped. The machine should be put in a place not 
liable to sudden changes of temperature. 

When a temperature of 150° Fahr. has been reached (the 
speed index showing zero at the start), it will then be seen 
what number of revolutions is taken to produce the tem- 
perature (see table below). The speed should be about 
1500. A uniform speed should be maintained in all tests. 

After obtaining figures in this way from an oil, stop the 
machine and let the oil remain on the machine, and in twelve 
hours after see how soon 150° Fahr. can be obtained. The 
second experiment will indicate which of the two oils is 
the inferior on machinery, when stopped, by reason of its 
tendency to gum through oxidation. 

Should the oil indicate or have any tendency to gum or 
become thick by exposure to the air, this will be indicated by 
a smaller number of revolutions being required to produce the 
temperature of experiment* 

Another method oT running this machine is to run it for 
a definite number of revolutions and for a fixed time, say one 
hour and a half, and notice the temperature which has been 
reached in that time. The following are some figures which 
have been obtained with this machine : — 



Name of Material. 


Heat Developed in 1^ Hours. 


Castor oil 

■Resin oil 

Tallow or animal oil . . . 

Rape oil 

Lard oil 

Olive oil 

Sperm oil 

Mineral oil 

}} II ...... . 


168 

166 

141 

148 

146 

143 

188 

121 r Heat develop* i 

1171 in 1 hour. 
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Olive oil when run for 20,000 revolutions gave a temper- 
ature of 175° Fahr. A mixed lubricating oil gave for the 
same number of revolutions 165° Fahr. 

A sample of ox oil required the machine to be run for 
13,000 revolutions to reach the temperature of 200° Fahr. when 
fresh, and only 11,700 revolutions when the oil has been on the 
Dearing for twelve hours. Similarly a sample of sperm oil ran 
for 16,900 revolutions when fresh and 13,000 after exposure. 

The relative wearing qualities of the animal and vegetable 
and. miiieral oils are observable on this machine. The former 
can be run for one and a half to two hours, while the latter 
are exhausted after half an hour's run. 

The Thurston Oil Testing Machine, shown in Figures 60 
and 61, is a very ingenious one. It is the invention of 
Professor R. H. Thurston, of the Technical College at Hoboken, 
New Jersey, United States. The Thurston oil tester consists 
of a small shaft running in two bearings, carrying a journal 
on one end. This journal is grasped by two brass steps 
which are in connexion with a pendulous weight. These 
brass steps are forced against the journal by means of a 
screw which compresses a coil spring. The amount of this 
pressure is indicated on a scale like that of a spring balance- 
A *'bob " at the end of the pendulous arm gives the weight 
necessary to resist deflection. The angle of deflection is 
measured on an arc or quadrant graduated in such units 
that the figures which may be read off give not only the angle 
of deflection, but also the co-efl&cient of friction. A thermo- 
meter on the top brass gives the temperature in a manner 
similar to that of the Stapfer test. This machine is used 
much in the same way as the tester previously described. It 
is used in the engineering shops of the United States Navy 
and many railway works. The small machine (Figure 60) 
is for testing the ordinary range of oils, while a large paachine 
is made for heavy oils for heavy bearings. 
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This machine is adapted for a wide range of pressures, as 
is seen in the index plate in front of the pendulum, where 
the large figures represent the total pressures on the journal^ 
and those opposite the correspondmg pressures per square 
inch. 

To obtain the best results it is essential that each test 
should be made at the pressure under which it is proposed 
that the journal on which it is to be used shall be run. 




Fig. 60. Thubston's Oil Testing 
Machine. 



Fig. 61. Sectional View of Thur- 
ston's Oil Testing Machine. 



The periphery speed of the journal shall be equal to the 
maximum periphery speed of the shafting or journals on 
which the selected oil is intended to be used. 

Figure 61 is a sectional view with index lettering. 

The figures on the arc P, traversed by the pointer at- 
tached to the pendulum, are such that the quotient of the 
reading of the arc, divided by the total pressure read from the 
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front of the pendulum at M, gives the ** coefficient of fric- 
tion," i.e. the proportion of that pressure which measures 
the resistance due to friction. 

To determine the lubricating qualities of an oil remove ' 
the pendulum HH (see sectional illustration, Figure 61) from 
the testing journal GG, adjust the machine to run at the 
desired pressure by turning the screw head K, projecting 
from the lower end of the pendulum, until the index M in 
front of the pendulum shows the right pressure ; adjust it to 
run at the required speed. Throw out the bearings by 
means of the two thumb screws on the head of the pendulum 
in the small machine, or by setting down the brass nut im- 
mediately under the head in the caseiof the large machine. 
Carefully shde the pendulum of the testing journal GG, and 
see that no scratching of jdtirnal or brasses takes place. 
Place a few drops of the lubricant to be tested on the journal, 
replace the pendulum, and set the machine in motion, run- 
ning it a moment until the oil is well distributed over the 
journal. Next stop the machine, loosen the nut or the cams 
which confine the spring, and, when it is fairly in contact 
and bearing on the lower brass with full pressure, turn the 
brass nut or the cams fairly out of contact, so that the spring 
may not be jammed by their shaking while working. Now 
start the machine again, and run until the behaviour of the 
oil is determined. At intervals of one or more minutes, as 
may prove most satisfactory, observe and record the tempera- 
ture given by the thermometer Q, and the reading indicated 
on the arc P of the machine by the pointer O. When both 
readings have ceased to vary, experiments may be termin- 
ated. 

Kemove the pendulum, first relieving the pressure of the 
spring, and clean the journal and brasses with great care 
from every sign of grease, and be especially careful not to 
leave a particle of lint on the surfaces. 
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A comparison of the results thus obtained with several 
oils will show their relative values as reducers of friction. 

Note should be made of the following points : — 

Temperature before and at end of experiment, showing 
increase. 

Pressure. 

Number of revolutions. 

Duration in time of test. 

Eeadings on the arc of the machine. 

To determine the liability of the oil to gum, allow the 
machine to stand with the journal wet with oil for twelve 
or twenty-four hours or more, as may be found necessary. 
Then start up and run a few moments until the reading on 
the arc P, having fallen to a minimum, begins to rise again, 
then stop at once. Compare the minimum coefficients thus 
obtained from the several oils to be examined. That which 
gives the smallest figure will be least liable to gum during the 
period of time given to the test. 

To determine durability, proceed as in determining the 
lubricating quality, and apply, say, a drop for each 2 inches 
length of journal, then start the machine. When the friction, 
as shown by the pointer 0, has passed a minimum and begins 
to rise, the machine should be carefully washed, and should 
be stopped either at the instant the friction has reached 
double the minimum, or when the thermometer indicates 
212° Fahr. This operation should be repeated until the dura- 
tion of each trial becomes nearly the same. An average may 
then be taken either of the time, of the number of revolutions, 
or of the distance rubbed over by the bearing, which average 
will measure the durability of that lubricant. 

Next carefully clean the testing journal and proceed as 
before with the next oil to be tested. 

A lubricant is valuable in proportion to its durability and 
its freedom from tendency to gum, and in proportion as it 
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exhibits a low measure of friction. In making comparisons, 
always test the standard as well as the competing oils on the 
same jomrnal, and under precisely the same conditions. An 
approximate value by which to compare the oils can be cal- 
culated, based on the assumption that they will have a 
money value proportionate to their durability and to the in- 
verse ratio of the value of the coefficient of friction. Thus, 
suppose two oils to run, the one ten minutes and the other 
five minutes, under a pressure of 100 lb. per square inch, and 
both at the same speed, and suppose them to give, on test 
for friction, the coefficients 0*10 and 0^6 respectively, 
their relative values might be taken at ^^ = 1 and -| = 0*626. 
If the first is worth, say, 100 pence, the second should be 
worth 62 pence, in many cases, however, the same quantity 
would be applied by the oiler, whatever oil might be usedj and 
their values to the consumer would be the inverse proportion 
of the values of their coefficients of friction, i.e. as six in the 
above case is to ten, thus showing that it would be cheaper to 
use the latter if the cost is anything less than its relative 
value. 

The tables on p. 273 show some tests of oil made with 
this machine : — 

The bearings were run dry. 

The speed of the testing journal was 750 feet per minute. 

The coefficient of friction is obtained by dividing the 
readings on the arc by the total pressure. 

A comparison of the results thus obtained with several oils 
will show their relative values as reducers of friction. 

Steam cylinder lubricants are tested on bearings heated to 
a temperature corresponding to any desired steam pressure. 
When the maximum temperature has been attained, the 
flame is removed, and the behaviour of the oil noted as the 
temperature falls to 212*' Fahr., which corresponds to atmo- 
spheric pressure or to zero on the steam gauge. Any effer- 
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Oil. 


Pressure 
in Sq. Ind. 


Time of 
Run. 


Increase in 
Temperature. 


Readings 
on Arc. 


Revolutions. 


Sperm 
Lard 
Lubricating oil 


75 
75 
75 


Mins. 
86 
76 
93 


36 
66 
95 


3 to 6-6 
6 „ 10-0 
8 „ 16 


27,870 
24,600 
25,720 



Coefficients of Fmction and Endurance of Lubricants. 



Name. 


Pressure. 


Endurance. 


Rise in 
Temperature. 


Coefficient. 




Lb. 


Min. 


F. 






r 8 


Ill 


2S0 


0-13 


Sperm (winter) oil . 


16 


29 


226 


0-10 




U8 


9 


196 


0-08 




1 ® 
16 

Us 


165 


170 


0-13 


„ (summer) oil 


33 


215 


0-11 




7 


265 


010 




r s 


77 


176 


0-16 


Lard oil . 


J 16 


27 


250 


0»12 




Us 


11 


260 


007 




r 8 


106 


206 


0-15 


Neatsfoot oil . 


16 


81 


276 


0-10 




Us 


6 


190 


0-10 




/ 8 


83 


170 


0-13 


Olive oil . 


. 16 


41 


246 


0-10 




\4S 


14 


240 


006 




r 8 


107 


185 


0-16 


Cotton seed oil 


. 16 


46 


275 


0-12 




148 


12 


310 


0-07 




f 8 


49 


196 


0-17 


Palm oil . 


J 16 


16 


236 


0-18 




l4S 


9 


295 


007 




r's 


46 


160 


0-19 


Castor oil 


ii6 


36 


180 


0-11 




148 


11 


375 


0-07 




( 8 


40 


200 


0-15 


Fish oil (cod) . 


16 


14 


175 


0-12 




Us 


9 


220 


0-07 




r 8 


129 


106 


010 


Crude mineral oil . 


J 16 


97 


286 


0-10 




u 


6 


270 


0-10 



vescence or excessive friction at the higher temperatures 

condemns the lubricant. This machine is made by Messrs. 

W. H. Bailey & Co. 

The Thomas " Friction " Oil Testing Machine is shown 

18 
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in Figure 62. The testing portion of this machine, seen in 
front of the drawing, consists of an annular disc containing 




FiQ. 62. Friction. ;OiL Testing Machine. 



a recessed groove, which is made exactly 1 square centi- 
metre in size and 1 metre in circumference, so that the 
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circumferential speed can be easily ascertained. This annular 
disc is driven by the arrangement also shown in the drawing. 
A belt for the driving shaft is attached to a pair of fast and 
loose pulleys on a counter shaft. On this is placed a set of 
three cone pulleys, and these are in gear with a similar set 
on the shaft of the testing disc. By this arrangement the 
speed can be varied to almost any desired extent, so that oils 
that are to be used on quick-running machinery can be tested 
under similar conditions as to speed, while heavy oils for 
heavy slow machinery can be tested at the slow speeds at 
which they are to be used. This is an advantage not 
possessed to ihe same extent by other testing machines. 

In the annular recess in the disc works a friction block. 
This is pressed down by the weight shown hanging from the 
bracket. This weight can be varied to any extent, from, say, 
10 lb. to 100 lb., and whatever weight is used is the pressure 
per square centimetre. 

Now the revolution of the disc tends to carry the friction 
block out of the centre line until it reaches a point where 
the two forces, the friction and the weight, tend to neutralize 
each other, and there it will remain more or less stationary. 
This point will depend upon the speed of revolution, the 
weight or pressure exerted on the friction block, and upon 
the quality of the lubricant. In the latter case, the better 
the oil or lubricant used, or the better the degree of lubrica- 
tion, the less is the block drawn out of the centre line. In 
the machine this factor, which represents what is known as 
the coefl&cient of friction, is made to manifest itself in a visible 
and recorded form, by an arrangement of levers which carry 
a pencil point, and draw a line on a paper ribbon, which is 
drawn between a pair of rolls, seen on the right of the draw- 
ing, at a low rate. If the lubrication is good, a fairly straight 
line is drawn, while if it varies much, then a zigzag line is 
drawn ; while the amount of the coefl&cient is shown by the 
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position of the line in reference to the datum line on the 
paper ribbon. It is in thus recording the amount of the 
coefficient of friction that this machine differs from all 
hitherto made. Some diagrams made by this machine are 
given in Figure 63, and they show very clearly the relative 
value of different oils for the same purpose. 

A thermometer, which has its bulb inserted in a hole in 
the friction block, shows any and what increase of tempera- 
ture takes place. This is a feature of some importance. 

By means of a Bunsen burner the annular disc may be 
heated up to any required degree of temperature. This is & 
feature of this machine, which will be found extremely use- 
ful in testing cylinder oils, and such can be tested at tem- 
peratures ranging to 350° Fahr., a temperature which is 
sometimes attained in the cylinders of high pressure engines. 

There is one feature in this machine whereby it has ad- 
vantages over some others which have been made. The 
whole of the oil is applied to, and is certain to come into con- 
tact with, the friction block. This is not a certainty with 
other forms of oil-testing machines. Then again the effect 
of varying methods of lubrication may be efl&ciently tested 
with this machine. It may be fed with a stated quantity of 
oil, and the length of time this will wear may be ascertained, 
or the feed may be continuous, and the machine run for & 
stated time to ascertain, under continuous lubrication, what 
the coefficient of friction is, and its variation, and what tem- 
perature is attained during the run. 

A brief notice may be given here of some other forms of 
testing machines. 

McNaught's. This consists essentially of a small revolving 
disc supported on suitable bearings. On this disc a loose one 
rests, the two faces in contact being carefully and accurately 
made. By friction the loose disc is carried round by the re- 
volving disc. On the loose disc, however, is fitted a pin 
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which comes in contact with the arm of a lever connected 
with a graduated balance arm. On this balance arm is ar- 
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Fig. 63. Diagrams of Oil Tests. 

ranged a sliding weight, and by moving the weight along the 
arm a point is reached where the friction between the two 
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discs is counterbalanced by the weight, and the loose disc re- 
mains stationary. By introducing a few drops of oil between 
the two surfaces the friction is reduced, and this reduction is 
measured by a less weight being required to bring the loose 
disc to rest. With different oils the weight will have to be 
on different portions of the arm, thus measuring the friction- 
reducing powers of the oils. This machine does not, however, 
give entirely satisfactory results. 

Napier's. This consists essentially of a revolving wheel 
against the edge of which a brake block is pressed. The 
amount of friction between the two tends to carry the brake 
block round ; the force which is exerted to effect this can be 
measured by means of a dynamometer, while the pressure 
exerted by the brake block can also be measured. By intro- 
ducing oils on to the revolving wheel the friction is reduced 
in proportion to the quality of the oil, the reduction of fric- 
tion being measured by the dynamometer attached to the 
machine. 

Shaw's machine is a simple and yet effective machine. 
This is constructed as follows: A surfaced disc of metal 
about 4 inches in diameter is mounted on a vertical shaft or 
spindle which is made to revolve at about 700 revolutions per 
minute. The oil to be tested is put on this disc, and-a block 
of metal with a surfaced face is placed upon it, and a cord or 
chain connected with a spring balance is attached to a pin 
screwed into the side of the block. A hole is bored through 
the centre of this block, in which a thermometer is placed, so 
that all tests may commence at a fixed temperature. When 
the machine is set in motion, the body or thickness of the oil 
is indicated on the spring balance, and as the oil thins, or 
gets exhausted by the frictional heat, it rolls off the disc and 
the balance runs down. If the oil contains nothing but 
lubricating matter, it will go down to about 1 lb., which 
is the friction of the surfaces without oil, but if there is any 
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glutinous ingredient in the oil, the balance will not run down 
to 1 lb., but the block will begin to jump or jerk at 
various indications, from 5 lb. to 1 lb., according to the 
amount of viscous matter contained in the oil The pres- 
ence of gum is also shown by allowing the waste oil to 
remain on the edge of the disc until cold, when it will be 
sticky if there is gum, but limpid and soft if pure oil. 

Another form of oil- testing machine consists of a heavy 
vertical disc, revolving on a horizontal axle with rather long 
bearings, very accurately fitted. The wheel is caused to re- 
volve by a known force, and the lubricating power of a sample 
of oil is measured by the number of revolutions which the 
wheel will make. 
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CHAPTEE VII. 

LUBRICATING GREASES. 

These greases are made of a very great variety of materials, 
good, bad, and indifferent. For some kinds anything is 
thought to be good enough, while there are others made of 
good materials for lubricating certain special bearings where 
no other kind of lubricant can possibly be used. 

To these greases fancy names are often given, more or 
less descriptive of the particular purpose for which the grease 
is to be employed, while some of the names are altogether 
fancy, and are not indicative either of the use or the composi- 
tion of the grease. 

Most lubricating greases are made by treating a grease 
oil or fat with an alkaline body, when a soap is made, which 
amalgamating with the rest of the oil makes the latter stiff 
and greasy. The two alkalies chiefly used are lime and soda, 
the former when crude, rough greases are required, the latter 
when better qualities are desired, although some greases do 
not contain any alkali, at all. Sometimes what are known as 
filUngs are put in. These consist of such bodies as powdered 
gypsum, mica, French chalk, black lead, etc., some of which 
add to the lubricating value of the grease, while others do not 
and are put in to make the grease apparently stiffer. 

The following fats, and oils are used in making these 
lubricants : — 

Palm Oil. 

This material is used in making the best qualities of loco 

greases. For this purpose the poorer qualities of palm oil, 

(280) 
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which are rich in free acid, give rather better results than 
the better qualities, because, during the process of making, 
the acid enters into combination with the alkali used and 
forms a soap which amalgamates with the remainder of the 
oil and any other oil substance added to form the grease. If 
the palm oil contains little free acid it is obvious that this 
saponifying action cannot take place, and the formation of 
grease takes place but imperfectly. 

Tallow is frequently put into greases ; of course, only 
the commoner quahties are used, as the finer qualities have 
greater value as soap stock. 

Oil Foots of all kinds are commonly used. They are 
scarcely usable for any other purpose owing to the colouring 
matter and other impurities that they contain. 

BosiN Oil is one of the commonest grease materials, and 
generally the crude grades are thus employed. 

EosiN Oil. 

Eosin is the solid residue which is left behind when the 
crude turpentine resin from various species of pine trees has 
been distilled by means of fire heat and steam to obtain the 
turpentine spirit used by painters. Eosin has a strong acid 
nature, but its constitution has not yet been fully determined ; 
some authorities consider that it is a mixture of two isomeric 
acids known as pinic and sylvic, while other authorities 
consider that it is the anhydride of abietic acid. It makes 
its appearance in the form of large homogeneous masses, 
more or less transparent, varying in colour from pale amber 
to almost black. 

When distilled in a still with fire heat alone, or with the 
combined aid of fire heat and superheated steam, rosin under- 
goes decomposition, and there are obtained : — 

(1) A watery acid liquor. 

(2) Eosin spirit. 
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(3) Eosin oil. 

(4) Pitch or coke. 

The operation is conducted in a large iron still connected 
with suitable boilers of about 2000 gallons capacity, the oper- 
ation taking about 35 to 36 hours to perform when fire heat 
alone is used. There are usually obtained 3*1 per cent of 
spirit, 85*1 per cent of oil, 3*9 per cent of coke, 2'5 per cent of 
acid water, 5*4 per cent of loss. 

When superheated steam is used 15 per cent of rosin 
spirit, 62i per cent of oil, and about 10 per cent of pitch are 
obtained. The acid water contains about 12J per cent of 
acetic acid. It is, however, rarely used for making that pro- 
duct. The rosin spirit is refined by treatment with sulphuric 
acid and soda and redistillation, when it is used as a solvent 
in varnish making. 

The crude rosin oil is a thick, viscid, dark brown coloured 
liquid which, on standing, deposits crystalline particles. It is 
certainly acid in nature, has a peculiar and characteristic 
odour, and a strong bluish bloom. Three varieties of crude 
rosin oil are collected at different periods of the distillation. 
These are known as ''hard," ''medium,'* and "soft". The 
character of the oil is also modified by the method of distil- 
ling. If the distillation is conducted rapidly, then the " hard ' 
rosin oil is the result. If it is conducted slowly, then " soft " 
rosin oil is the product. Hard rosin oil is much thicker in 
consistence that soft rosin oil. It is used to mix with lime 
for making lubricating greases, while, on the other hand, the 
soft fluid oil is employed for making greases with lime which 
are more fluid than those got with hard oil. While rosin oil 
is mostly sold in the crude condition as it comes from the still, 
especially for use in making greases, it is often subjected to a 
process of refining which consists in treatment with (1) sul- 
phuric acid, and (-2) caustic soda and redistillation. In some 
cases the latter may be omitted. By this treatment rosin oil be- 
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comes much paler in colour and freer from any solid particles. 
By repeated operations, rosin oil of a pale yellow lemon tint 
and neutral in its character can be obtained. Bosin oil has a 
very high specific gravity, varying considerably from 0*985 to 
1'02. It is thick and viscid, but becomes fluid on heating. 
When heated it gives ofif the peculiar odour of burning rosin. 
Its flash point is very low, usually about 322° Fahr., and the 
flashing is of a peculiar character, being somewhat scintillat- 
ing. The fire test also is low, about 400° Fahr. Another 
Jjeculiar property of rosin oil is its action on polarized light> 
rotating the ray 30" to the right. In this respect it differs 
jErom all other oils. The composition of crude rosin oil is 
(exceedingly complex. It contains members of the olefin, 
tiaphthene, benzene, and terpene hy^^^ocarbons. There are 
also present alcohols, aldehydes, and ketate compounds, as 
well as acid bodies. The more highly refined rosin oils do 
kiot contain the ketate compounds, but comparatively more of 
the hydrocarbons. 

Some of the crude rosin oils exhibit the tendency to dry 
and become hard when exposed to the air, and hence have 
been used for making paint. Their use for this purpose is 
not satisfactory, for the oil does not dry properly, and exhibits 
the tendency to soften after a long exposure to the air. 

The crude rosin oils are largely used for making greases, 
as will be described later on, while the more refined oils are 
used for general lubricating purposes, for which purpose they 
cannot be considered as ideal lubricants unless great care has 
been taken in refining. They are of an acid character, and 
have a corrosive action on the bearings of machinery ; while 
being very viscid, they can only be used for lubricating very- 
heavy shafting and machinery. It should be stated, however, 
that the best grades of rosin oil are quite neutral, and haVe 
tio corrosive action on metals. Rosin oil is sometimes added 
to lubricating oils, but its presence is detected by its high 
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specific gravity and low flash point. It also has a very 
peculiar and characteristic taste which cannot be mistaken. 

Some information about rosin greases will be found 
below. 

The following are some details concerning the various 
grades of crude rosin oils : — 



Specific gravity at 60° F. 



Viscosity at 70° F. 
100° F. 
150° F. 

Flash point 
Fire test . 

Free acid 
Hydrocarbon oil 
Ethereal oil . 



*Hard." 



0-987 

216 . 
65 
25 

200° F. 
230° F. 

33-67 per cent 
61-90 „ „ 
14-43 „ „ 



' Medium." 



0-992 

306 
98 
30 

220° F. 
280PF. 

19*74 per cent 
68-50 „ „ 
11-76 „ „ 



'Soft." 



0-986 

140 
29 
16 

220° F. 
300° F. 

2*82 per cent 
90-00 „ „ 

7-18 ., „ 



A sample of refined rosin oil of a brown colour had the 
following properties :— 

Specific gravity at 60° F 0*9827 

212° F. . 0*9340 

Viscosity at 70° F 449 

100° F . . . i 115 

120° F 74 

150° F 48 

212° F 19 

Vaporizing temperature 140° F. 

Flash point 311° F. 

Fire test 882° F. 

Eosin oils vary very greatly in these properties. 

YOBESHIBE GbEASE. BbOWN GbEASE. 

In the woollen industry a large quantity of soap and oil 
is used in cleansing, milling, and oiling the fibre, yarn, and 
cloth, during the different processes involved in spinning and 
weaving wool. Formerly all these products, or rather the 
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waste from them, went into the rivers in the form of soap- 
suds, and thus helped to pollute them. 

Now almost all of the soapsuds of the woollen mills of 
Yorkshire and other districts are treated with acid, and the 
fat which is liberated used again for various purposes. 

The soapsuds are collected in a large tank, calculated to 
hold a day's supply, say from 6000 to 8000 gallons of liquor. 
Usually two tanks, constructed of brickwork or concrete, are 
provided, one being used to collect the suds, while the suds 
collected in the other tank are being treated in the manner 
following : Sulphuric acid, or preferably hydrochloric acid, is 
added to the suds, and after thoroughly agitating the mixture 
it is allowed to settle, the fatty matter comes to the top, is 
skimmed off, and thrown on to large cloth filters to drain. 
The fatty matter thus collected is known as *' magma " or 
** sake,'* and the operation of treating the suds with acid is 
commonly known as "saking," probably a local corruption 
for *' seeking **. 

This magma is then sent to the grease mills, while the 
residual liquid is run into the river. This magma is now 
put into bags, which are piled up in a tank and then 
weighted, and so left for a night, when a large quantity of 
water is pressed out. Then the cakes of magma are placed 
in a hydraulic filter press kept hot by means of steam, and 
subjected to pressure, when a dark brown greasy product is 
pressed out, and a more solid matter is left behind in the 
bags. The latter is known as ** sud cake '* and is used as 
manure. The greasy matter referred to is known as ** York- 
shire grease". 

This body is sometimes used for making soap for wool 
scouring, but is more frequently distilled for preparing wool 
oil and stearin. 

Yorkshire grease varies a little in appearance, but usually 
is of various shades of brown, sometimes almost black. It 
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is very sticky, and easily melts, its melting point being 44® C. 
On treatment with soda or potash, it undergoes partial saponi- 
fication ; the soap so produced is not readily soluble in water, 
and is of very short grain. Its specific gravity at 15*5° C. 
varies from 0*939 to 0*957. So far as my experiments go the 
lower specific gravity is always associated with a low per- 
centage of unsaponifiable matter. 

It contains free fatty acids, unsaponifiable matter, and 
neutral oils, etc. 

The free fatty acids vary with different samples accord- 
ing to the character of soap or fat originally used. The un- 
saponifiable matter contains cholesterin, derived from the 
natural fat of the wool, and probably also some of the 
mineral oil which has been used in the wool batching. The 
grease also contains water and mineral matter. 

The following table shows the composition of four 
samples of Yorkshire grease examined by the author : — 





1. 


2. 


3. 


4. 


Specific gravity at 16° 0. 

98° C, . 

Water 

Fatty acid .... 
Neutral oil ... . 
Unsaponifiable oil . 
Ash 


0-9891 
0-8900 


0-9417 
0-8962 


— 


0-9670 
0-8720 


Per cent 

0-98 

18-61 

68-62 

11-68 

0-11 


Per cent 

1-21 
24-26 
68-26 
16-83 

0-14 


Per cent 

1-21 

24-26 

8002 

44-34 

0-18 


Per cent 

0-94 
26-48 
16-86 
66-77 
Trace 


100-00 


99-68 


100-00 


100-00 



The grease is also used in the manufacture of lubricating 
greases, and it may be of interest in this connexion to give 
its flashing point, etc. : — 



Vaporizing temperature 
Flashing point . • 
Fire test 



°G. °F. 
182 369 

428 
478 



226 
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It makes very stiff greases of high melting point. 

Anthracene Oil is a bye-product obtained from coal 
tar. It is a dark greenish-brown liquid and oily in appear- 
ance, the colour varying considerably. It is rather heavier 
than water, the specific gravity being 1*065 to 1*100. It 
smells strongly of tar oils ; mixed with lime it forms a thick 
but oily grease. It is a cheap material, probably the cheapest 
of all grease stocks, and is therefore much used in making 
the cheaper qualities of greases. 

Dark Petroleum Oils are often mixed with greases to 
give them greater lubricating powers. These oils are of 
brownish colour, varying in consistency from liquid oils 
(summer dark) to thick tarry oils (cylinder oils). They are 
perfectly neutral, and have no power of combining with 
alkalies. They will dissolve soap when the latter is presented 
to them in a dry condition. These oils are fairly cheap. In 
some of the better qualities of greases the filtered petroleum 
oils, which are of a brown or yellow colour, are employed. 

Eegarding the use of caustic soda and lime little need be 
said. The former gives smoother greases than the latter, 
and its soaps are more easily soluble in the other oils. Lime 
is the cheaper of the two, and is hence used in making the 
cheapest greases. It gives stiflfer greases than soda, which 
have a higher melting point. 

Of the filling materials used, gypsum, or mineral white, 
has no lubricating power at all. French chalk possesses 
some slight lubricating properties, being smooth and soft to 
the touch. Black lead, or plumbago, is a well-known lubri- 
cant, especially for wood. 

Manufacturing Eecipes. 

The following details showing the method of making 

various kinds of lubricating greases will be found of service : — 

Wheel Grease, Take 5 lb. of quicklime and slake with 
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20 lb. of water, then sieve well, and stir into the lime 
paste 4 gallons of '' hard " crude rosin oil, then allow it 
to stand for twelve hours, pour ofif the water, and stir in 5 
gallons of anthracene grease oil. Now heat the mass to 240** 
Fah^:., stir well the whole time, until a good mixture is ob- 
tained, then allow to cool to set. 

Tram Grease. Take 10 gallons of anthracene oil, and stir 
in a paste made from 5 ]b. of quicklime, well slaked, and 
mixed with 5 lb. ground gypsum, then heat up as before. 
In heating greases which contain water care must be taken, 
as they froth a great deal, and hence capacious vessels must 
be used. Too prolonged heating is to be avoided, as with 
some greases so doing reduces the stiffness very considerably. 

Hot^neok Grease. Take 20 lb. of soap, cut in thin flakes, 
and dry it. Then take 30 lb. filtered cylinder oil, and 30 
lb. 0*910 petroleum oil. Mix the two together, and heat to 
240** Fahr. Then add the soap and stir well, maintaining 
the heat until the soap and oil have amalgamated, when the 
mixture may be allowed to cool down. When cold it will be 
found to be stiff. 

Cup or Motor Grease. Take 5 lb. of good hard tallow soap, 
cut it into chips and allow these to dry. Heat 80 lb. of 
903-07 engine oil to 240° Fahr. ; add httle by little the dried 
soap chips and keep the whole at 240° Fahr. until the soap 
has become dissolved in the oil, then allow the mixture to 
cool. 

Axle Grease for Wood. Take 2 gallons of ** medium '* rosin 
oil, and stir in 6 lb. of quicklime, slaked with 2 gallons of 
water. Then stand for 12 hours, or until the next day. Pour 
off any water that may separate. Then stir in 5 gallons of 
coal tar grease oil and 5 lb. of powdered black lead. Gener- 
ally it will be found sufficient to mix the materials cold, but 
a little heating will make a more homogeneous grease. 

Loco Grease. A common kind of loco grease can be made 
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from 60 lb. Yorkshire grease mixed with 20 lb. summer 
dark oil, and heated with 6 lb. quicklime, slaked with 2 
gallons of water. The best loco grease is made from palm 
oil, tallow, seal oil,. and soda crystals. The soda crystals are 
dissolved in about an equal weight of water, and then stirred 
into a melted mixture of the fats. The proportions used are 
varied according to the different seasons of the year. In 
summer a stiflfer grease can be used than in winter. This 
variation is attained by using more palm oil and soda crystals 
in summer than in winter, while it is the custom to add a 
little sperm or seal oil in winter. The proportion may be 
varied to some extent. Too much soda should be avoided, 
as any excess tends to make the grease hard. A good pro- 
portion is 50 lb. tallow, .28 lb. palm oil, 2 lb. sperm or seal 
oil, and 12 lb. soda crystals. Another mixture is 40 lb. 
tallow, 40 lb. palm oil., 4 lb. whale oil, and 12 lb. soda 
crystals, the latter being dissolved in an equal weight of 
water. 

Rosin Grease, Take 10 lb. quicklime, slake well with 
water and sieve free from- grit, stir into 30 lb. "hard *' rosin 
oil, and allow to stand for 12 hours. By using 20 lb. ** hard *' 
and 10 lb. *' soft " rosin oils a thinner grease will be got. 

By heating ro^in grease with rather more oil than is given 
in the above recipe a clear, transparent, jelly-like mass or 
grease can be got. 

Equal parts of **hard" oil and slaked lime give a hard, 

granular grease, which cannot well be softened down by the 

addition of more rosin oil. Not less than two parts of ** hard " 

oil to one of slaked. lime is required to give a grease of a good 

consistence. With "medium*' oil li of oil to 1 of slaked 

lime gives a grease ; with " soft " oil only a thin grease can be 

got. If larger proportions of oil than those mentioned be 

used, thin pasty greases are obtained. Much, however, 

depends on the quality of the oil which is used. 

19 
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Tram Grease. A fine grease is made from 10 lb. " hard '* 
rosin, 10 lb. 0*885 mineral oil, and 10 lb. slaked lime. 

Axle Grease. Melt together 14 lb. palm oil, 22 lb. 
anthracene oil, 10 lb. rosin oil, and 1 lb. soap, keeping the 
mixture heated until a clear, transparent mass is obtained, 
then allow to cool. 

Solidified Oil. Under this name are sold products derived 
from petroleum and Scotch shale oils, which may be regarded 
as greases. To make them take 50 lb. of 0*885-90 mineral oil, 
heat to 180° Fahr., then throw in half a pound of soap cut 
into fine chips and dried as much as possible by exposure to 
the air ; the heating is kept on until the soap is entirely dis- 
solved in the oil, when the mixture may be allowed to 
cool down. 

Hot-neck Grease. A common hot-neck grease can be 
made from 5 lb. wool pitch, 20 lb. brown grease, 30 lb. 
hard rosin oil, 40 lb. dark cylinder oil, and 5 lb. dry slaked 
lime, heated together until a homogeneous mass is obtained. 

Colliery Grease, Fifty lb. rosin oil, 40 lb. grease oil, 
30 lb. dark cylinder oil, 5 lb, Yorkshire grease are mixed 
with 20 lb. slaked lime. 

Mica Grease. Fifty lb. rosin oil, 50 lb. 0*890-95 Scotch 
shale oil, 20 lb. French chalk, and 20 lb. slaked lime are 
stirred together. 

Plumbago Lubricant. Twenty lb. slaked lime, 70 lb, 
'* hard '* rosin oil, 70 lb. anthracene oil, and 20 lb. plumbago 
are stirred together in the usual way. 

These are a few of the many recipes which could be given. 
They will serve to show on what lines to work in making 
greases. 

Graphite in its crystalline or fiake form is highly spoken 
of as an efficient lubricant for bearings used either alone or with 
oils. It is said to fill the pores and irregularities of the cast 
iron, and to impart to the surfaces of piston, cylinder and 
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• 

valves a smooth dense coating and brilliant polish without 
apparent pore or crack. A list of the important railway com- 
panies, steel works, engine builders, millers, and general users, 
supports the claim of the makers as to its efficiency for various 
uses. It is said to cool a hot journal and reduce the coeffici- 
ent of friction in a wonderful manner in steam and explosion 
cylinders. 

In a book on '* Compounding Oils, Greases, etc./' issued 
by the same publishers as this book, will be found much use- 
ful information on making greases, blending oils, etc. 

Analysis and Testing of Gbeases. 

Analysis of greases to ascertain the character and nature 
of the various constituents is one of a most difficult charax^ter, 
and requires on the part of the analyst a very full knowledge 
of all the substances which may be used in the preparation 
of greases, and also requires a good knowledge of the methods 
by which greases are made. It is not possible to draw up a 
general scheme by following which any kind of grease may 
be tested ; that given underneath may be taken as a type of 
a general mode of working, but the analyst must be prepared 
to devise his own method, according to the character of the 
results he is obtaining. 

Greases vary in character from simple to most complex. 
They may contain : — 

Water. 

Soap. 

Free alkalies. 

Inert mineral matter. 

Fatty oil. 

Mineral oil. 

Pitch. 

Coal tar oil. 

Eosin oil, etc. 
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Water. The amount of water in a sample of grease may 
be estimated by taking 5 grammes in. a porcelain crucible, 
and putting it in an air oven at about 220° Fahr. until it 
ceases to lose weight. The loss of weight may be taken as 
the amount of moisture in the grease. 

Mineral Matter. The residue left in the crucible after 
the determination of the moisture may 
be heated over the Bunsen burner until 
all combustible matter has been burnt 
off. The residue is the mineral matter 
present in the grease, and this now 
may be inquired into. The substances 
most likely to be present are sodium 
compounds and lime, calcium sulphate, 
barium sulphate, mica, and French 
chalk. The residue should be treated 
with dilute hydrochloric acid, which will 
dissolve out the sodium compounds and. 
the lime. The other constituents just 
named will remain behind, being in- 
soluble in the acid, and they can be 
filtered off. To the acid solution may 
be added first a Httle ammonixmi chloride 
and then ammonia (if a faint precipitate 
of alumina be obtained it may be 
neglected). To the solution is then 
added some ammonium oxalate ; if a white precipitate forms it 
indicates the presence of lime in the grease. This precipitate 
may be filtered off and the solution boiled down, when it will 
give a bright yellow colour to the Bunsen flame if there be any 
sodium compounds present. Any inert mineral matter which 
may be present in the grease will remain in the portion in- 
soluble in the acid, and this is best determined by an exam- 
ination of its characteristics. If ^it be French chalk, then it 




Fig. 64. Soxhlett Fat 
Extraction Tube. 
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will have a soft, smooth feel, if it be mica'the particles will 
be more or less flaky and silvery,«if it be calcium sulphate it 
will give a reddish colour to the Bunsen flame, while if it 
be barytes then the Bunsen flame -will be coloured light 
green. 

Free Oil. 

Greases contain a large quantity of oil or oily matter of 

various kinds in the free condition. This is -best determined 

by extraction in a Soxhlett fat extraction 

apparatus. This apparatus consists of three 

parts : First a fla«k, second a Soxhlett fat 

tube which is shown in Figure 64, and 

third a vertical Liebig's condenser — these 

three pieces being connected together in 

the above order as shown in Figure 65. 

The grease to be treated is weighed, 10 

grammes in a piece of filter paper. It is 

then placed in the Soxhlett tube, a quantity 

of petroleum ether is poured mto the flask, 

which is then connected with the Soxhlett 

tube and this again with the condenser, the 

flask being placed in a water bath. On 

heating the latter the ether is caused to 

vaporize and pass into the condenser, 

whence it flows back into the Soxhlett 

tube, where it accumulates and exerts its ^i<*- ^S- ^^''^^''^^c- 

TioN Apparatus. 

solvent power upon the free oil in the grease. 
When the quantity of ether has accumulated to such an ex- 
tent as to rise above the level of the syphon tube, it begins to 
run off to the flask below with the oil which it has dissolved. 
The ether is volatilized again and accumulates again in the 
Soxhlett tube, extracting a further quantity of grease, after 
which it is ready to pass through the same cycle. Generally it 
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takes about one to one and a half hours to fully extract the free 
oil from a sample of grease. The ethereal solution is run into 
a weighed glass, the ether evaporated, first in a water bath, 
finally in an air bath, and the residual grease weighed, when 
it is ready for further examination. It should be examined 
for free acid which would tend to indicate the use of York- 
shire grease. For saponifiable fat and for any unsaponifiable 
fat or oil which may be present, the methods for such tests 
are described in the chapter on Oil Testing. 

The residue which is left in the filter paper in the 
Soxhlett tube will contain any soap which is present in the 
grease, together with all mineral matter, which should be 
examined and the quantity of soap determined by decom- 
posing it with dilute hydrochloric acid, separating the fatty 
matter, from the amount of which the corresponding amount 
of soap may be deducted. The character of the fatty matter 
can be obtained from an examination of it* 
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CHAPTEE VIII. 

LUBRICATION. 

When two surfaces are caused to rub one upon the other, 
friction is generated to a greater or less extent. This fric- 
tion, when it occurs in a machine, is bad, because it leads 
to excessive wear of the working parts of the machine, and 
if allowed to go on is likely to lead to other evils, distortion 
of the machinery, breaking down, etc. It is the object of 
all machine users to keep this friction down to the lowest 
possible point. It is not possible to reduce it altogether, 
but it can and should be kept down to a minimum amount. 
To reduce this friction, what are called lubricants are applied 
between the rubbing surfaces, and of all bodies which are 
capable of being used for this purpose, the oils described in 
previous chapters give the most satisfactory results. 

Lvhricants should, according to most modern writers on 
the subject, possess the following properties : — 

1. Enough viscosity or body to keep the surfaces from 
coming into contact under the maximum pressure which 
may be applied to them. 

Theoretically, if friction results from the rubbing of two 
surfaces together, and if it is wanted to reduce this, then 
steps ought to be taken to keep the two surfaces apart. 

It is obvious that this is practically impossible, but if we 
can introduce between them a body, like an oil, which has 
sufficient adhesive power to adhere to the surfaces, and but 

little cohesive power in itself, then there would be two films 

(295) 
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of lubricant between the surfaces, and the friction which 
occurs will take place between these two films. Probably 
there is really a layer of oil between these two films, and the 
lubrication is effected by the motion of the particles of this 
layer among themselves. Viscosity or body, therefore, is a 
property of oils which is really dependent on two factors — 
the cohesion of its particles together, which prevents them 
being forced asunder by pressure ; the adhesion which it has 
for other bodies, which enables it to adhere to the rubbing 
surfaces under any pressure. 

Bodies may possess great cohesive force but very little 
adhesive tendency — mercury, for example. These are inad- 
missible as lubricants. ' There are bodies which have opposite 
properties — water may be taken as an exaniiple— and although 
they are more useful as lubricants than th6 first-mentioned, 
yet are not wholly satisfactory as lubricants. 

2. To have as much fluidity as is consistent with the fore- 
going requirement. 

Fluidity is an essential condition for a perfect lubricant, 
for it is only fluids that possess at once that adhesive property 
above spoken of with the facility of motion of their own 
particles that will prevent friction. Although solids may 
'have adhesive properties, yet it takes a considerable amount 
of power to destroy the cohesive force which binds their 
particles together. 

3. A great capacity for storing and carrying away heat. 
In other words, the property of keeping a bearing cool. 

' 4. A'high temperature of decomposition or of evaporation 
'aad a low solidification temperature. 

Thes^ are important essentiys. It is obvious that a body 
'cannot be ti^ed as a lubricant which would be liable to decom- 
pose at, say, 100° C, and probably into constituents which 
inight injure the machine. Again, when a body becoihes 
solid, it' loses its' lubricating properties in a great degree. 



Digitized by VjOOQIC 



LUBEICATION. 297 

Hence, although coconut oil is a good lubricant at high 
temperatures, yet it cannot be used at ordinary temperatures 
because of its becoming solid. 

5. Freedom from tendency to decompose or oxidize by 
exposure to air ; or, in other words, free from th« liability to 
■gum or clog the bearings. 

6. Freedom from acidity and from any- tendency to 
corrode the metal of the bearings to which the oil is applied. 

These last two conditions will be dealt with presently. 
The hydrocarbon oils are the only kind which satisfies the 
above conditions in the greatest degree. 

Lubrication of machinery is divisible into three sections : — 

(A). Lubrication under ordinary atmospheric conditions, 
which includes the lubrication of all machines, shafting, 
steam engines, etc. 

(B). Lubrication at high temperatures and in contact 
with steam, which includes the lubrication of steam engine 
cylinders and valves. 

(C). Lubrication at high temperatures not in contact 
with steain. Internal explosion engines. 

In dealing with these subjects it will be necessary to 
Irepeat in another form what has already been said in 
previous chapters. This will be done for the sake both of 
clearness and giving a more complete review of the subject of 
lubrication. 

(A). Lubrication under Ordinary Atmospheric 
Conditions. 

The action of the atmosphere on oils is the first point to 
be considered in connexion with their use as lubricants. To 
some extent what this action is will have been inferred from 
what has already been said about the properties of oils in 
previous chapters, but it will be well to repeat in a more 
definite form the salient points of this important subject. 

The atmospheric agencies which act destructively on oils 
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are two, viz. oxygen and water. Some other influences, 
such as heat, have some action on oils in special places, but 
as these are of exceeding rare occurrence we can leave them 
out of account. 

The oils, being spread over the bearings in an exceedingly 
thin film, offer a great surface for the action of these destruc- 
tive agencies. 

Oxygen acts upon all the fixed or fatty oils to a greater or 
less extent. Some, like linseed, hemp seed, and a few other 
oils, are greatly affected, while others, like sperm oil, olive> 
lard, are not much altered. The absorption of oxygen by oils 
leads to the formation of a hard, dry, resinous mass, which 
sticks to the bearings, and the formation of this mass is the 
cause of the ** gumming," as it is technically called, of oils. 
On this account those oils which possess this property in only 
a slight degree are to be preferred ^s lubricants. Those oils, 
which, like linseed, dry up entirely are absolutely useless as 
lubricants, although this very property gives them value to 
the painter ; while other oils which, like cotton or whale oils> 
do not dry up entirely, but become simply thick and viscid, 
are not so useful for this purpose. Oxygen does not act on 
the hydrocarbon oils at all, and mixing a fat with a hydro- 
carbon oil to some extent prevents the gumming due to the 
former. 

The absorption of oxygen by oils leads to the development 
of heat. This is greatest when the absorption is greatest. 
When a little linseed oil is poured over a lump of cotton the 
amount of surface exposed is very great, and consequently 
the action of the oxygen is great also. The heat that i& 
developed may rise so high that the cotton will become 
charred, and not infrequently burst into flames. 

This spontaneous combustion of oily cotton is a feature 
of great interest in the use of oils in textile mills. In these 
there are always large masses of cotton, wool, etc., lying about 
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in heaps or covering the machine as fluff. Should these be- 
come covered, accidentally or otherwise, with oil, and other 
conditions are favourable, then the oxidation of the oil may 
go on so rapidly and to such an extent that the fibre will 
burst into flame, and a fire is the result. Now, it has been 
found that only the fatty oils have this property of causing 
spontaneous combustion ; the hydrocarbon oils, having no 
property of absorbing oxygen and combining with it, cannot 
cause spontaneous combustion; and, further, it has been 
shown by Gellatly and others that mixing hydrocarbon with 
fat oils prevents the latter giving rise to the spontaneous com- 
bustion of fibrous bodies. 

Thus Gellatly obtained the following results by saturating 
a handful of cotton waste with various oils, wringing well to 
get rid of superfluous oil, then placing the oily waste in a 
chamber kept at a temperature of about 170° Fahr., at which, 
as we have shown, oxidation begins. 

Boiled linseed oil. One sample fired in 75 minutes, 
another in 105 minutes. 

Raw linseed oil. Two samples fired in 4 and 5 hours re- 
spectively. 

Eape oil. Sample put up at night was found to have been 
wholly consumed, box and waste, by next morning. 

Olive oil. Two samples fired in 5 and 6 hours respec- 
tively. 

Lard oil fired in 4 hours. 

Seal oil fired in 100 minutes. 

Sperm oil refused to ignite or to char the waste. 

Mineral oils absolutely refused to ignite, and mixtures of 
80 rape and 20 mineral, and of 50 seal and 50 mineral, did 
not, when placed in a warm chamber, develop a temperature 
sufficient to char the cotton. 

It would be well therefore for textile manufacturers to use 
either pure hydrocarbon oils or mixed oils, and for insurance 
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companies to see that no other oils are used. Then no risks 
would be run of fires from the spontaneous combustion df 
oily fibrous materials ; for there is no doubt that many textile 
mill fires have had their origin in this manner. ^ 

Moisture acts somewhat diflFerently on the two kinds of 
oils — on the fatty oils it leads to the splitting up of the oils 
into their two constituent parts, the base glycerine and the 
peculiar, fatty acids of the oil. 

The former is a neutral body and has no corroding action 
on the metal, neither has it any lubricating properties. The 
fatty acids have a strong corrosive action on the metal of the 
machinery. They chemically combine with it, forming a 
kind of greasy soap which settles in cakes on the machinery 
and which leads to a rapid and mostly an unequal wear and 
tear of the machinery. These fatty acids have a much stronger 
action on brass and copper than on iron. 

This decomposing action of moisture is much aided by 
heat. Hence, when fatty oils are used for lubricating ma- 
chinery in warm and moist places, there is a great tendency 
for the machinery to " gum " and for the bearings to be cor- 
roded. It would be advisable not to use a fatty oil in such 
places, or to use one which originally contains any or much 
free acid. 

Hydrocarbon or mineral oils, being perfectly neutral 
bodies, are not decomposed by water in any way ; indeed they 
undergo no change whatever when exposed to the atmospheric 
influences to which they are subjected when used for lubricat- 
ing machinery. 

Friction in a machine is caused by the rubbing of its 
working parts over one another. It is greatest in a badly 
constructed, roughly put together machine, and is least in 
well-finished machines where the journals, bearings, and other 
rubbing surfaces have been well polished, and it is greater in 
a new than an old machine ; it is generally in such machines 
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the sole loss of power, and so it is desirable to keep it down 
as low as possible. In a machine well lubricated there is 
friction due to the solid working parts of the machine and 
fluid friction due to the lubricant used. 

The friction of solids is of two kinds, sliding friction and 
rolling friction. Sliding friction occurs when one flat surface 
slides over another flat surface ; its amount is dependent upon 
the character of the surfaces, being least with smooth, 
greatest with rough surfaces ; it increases or decreases with 
an increase or decrease in the pressure. The material of the 
rubbing surfaces also has some influence, the friction on soft 
wood is greater than on hardened steel. Eolling friction oc- 
curs when one revolving surface rolls on another surface 
either flat or curved ; its amount is dependent on the pres- 
sure, speed, and condition of the rolling surfaces. 

Fluid friction is quite different in its origin, and is there- 
fore subject to different laws than what pertain to the friction 
of solids. The friction of fluids is quite distinct from the 
friction of solids; it occurs when a mass of fluid flows 
through another mass of fluid, and its amount depends very 
greatly upon the relation in the masses of the fluids and their 
position. When a fluid flows through a pipe it is found that 
the fluid in immediate contact with the sides of the pipe 
flows very slowly, its motion being retarded by contact with 
the pipe. At the centre the motion is quickest, and it 
gradually decreases towards the sides, where it is slowest ; 
the same thing happens when a mass of fluid flows through 
another mass of fluid, which forms the bounding surface at 
which the friction which occurs causes the speed of flow to 
be less than in the centre or point farthest removed from the 
surfaces of contact of the two fluids. 

The friction of fluids is independent of the pressure to 
which they may be subjected, is proportioned to the area of 
the surface of friction, varies with the velocity, but is inde- 
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pendent of the nature of the surfaces with which it is in 
contact, although the degree of roughness of those surfaces 
has some influence on the amount of friction. 

It varies with different fluids according to their density 
and relative viscosity. 

The friction of a lubricated surface is a compound one, part 
being due to the lubricant and part due to the rubbing 
surfaces. When well lubricated it obeys the laws of fluid 
friction to a great extent. On the other hand, a badly 
lubricated surface is governed by the laws of solid friction. 
With very heavy pressures and slow speeds, the moving part 
and its bearings are forced into close contact, and there is a 
considerable wear of the surfaces, while in the case of light 
pressures and high velocities, such as are met with in the 
spindles of a spinning frame, the moving surface floats on a 
film of the lubricant, and the friction thus occurs between 
two layers of fluid, one in contact with each surface. These 
cases represent the extreme limits met with in the lubrication 
of machinery, one limit being that of purely solid friction 
where great friction and resistance are met with, the other 
where the friction and resistance are entirely due to the fluid 
lubricant, and which generally separates completely the sur- 
faces of the solids. 

The factors which govern the selection of a lubricant for 
particular purposes are speed, pressure^ tem/peratwre. 

1. Speed, This is a most important factor in guiding 
consumers in selecting oils for lubricating a machine. The 
rule is a very simple one, the quicker the speed the thinner 
and lighter is the oil that is required. If an oil with a great 
viscosity were used for lubricating spindles, for instance, 
which revolve at from 6000 to 8000 revolutions per minute, 
the cohesive force which holds the particles of oil together is 
too great and cannot be overcome with suflBcient rapidity at 
the speed of revolution, and so a certain amount of friction 
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is introduced which tends to reduce the speed of the spindle, 
which is not desirable. On the other hand, with a slow 
motion an oil that would give good results when used on a 
spindle would fail, because it would not have sufficient viscosity 
to remain on the bearings. 

2. Presswre, This is equally as important a factor as 
speed. Where the pressure is light, as in the foot-steps of 
spindles, bearings of small levers, a light oil of low viscosity, 
is required, and will be found sufficient to keep the surfaces 
apart and prevent friction. With heavy pressures, as on 
engine shaft bearings, the bearings of calender bowls, etc., a 
heavy, high viscosity oil is required ; one which has great 
cohesive and adhesive properties is especially required, so 
that it cannot be pressed out from between the bearings 
under the heaviest pressure to which it is subjected. 

Speed and pressure are intimately connected. High speeds 
are nearly always associated with low pressures, and vice 
versa. High pressures are nearly always combined with 
slow speeds, although there is much variety of conditions of 
speed and pressure under which a machine can be worked. 

3. Temperature. This is also an important factor to be 
considered in selecting oils. An oil that would work satis- 
factorily in a cold place would not give equally satisfactory 
results in a hot room. The heat would cause the oil to lose 
some of its viscosity and to flow too freely from the beJirings, 
and hence not lubricate them properly. In hot places a more 
viscous oil can be used than should be selected for cold places. 
Again, an oil that is used in such places as the turning shops 
of iron works, and for lubricating outside bearings and motions 
of all kinds, should have a low setting point or cold test. 
For such purposes there are no better oils than the Eussian 
petroleum oils, which have low setting points, while of the 
fatty oils, sperm, rape, and castor are the best for cold places. 

In selecting oils for the lubrication of machinery the follow- 
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ing hints will serve to guide consumers and dealers in their 
selection of n> suitable oil : — 

Under very great pressures and slow speeds : Blacklead^ 
talc mixed with tallow if in a warm place, or with castor oil 
or Kussian petroleum oil in a cold place. 

Under heavy pressures and slow speeds, such as the 
bearings of engine shafts, calender bowls, crushing mills: 
Lard, tallow if used in warm places, or castor oil, heavy 
American petroleum oils of 0*910-20 gravity, and Eussian 
petroleum oils in cold places. 

Heavy pressures and high speeds : Eape, olive, and lard 
oils or mixtures of these with heavy American oils of 0-905-10 
gravity for warm places ; rape, 0-905-10 American and light 
Eussian petroleum oils in cold places. 

Light pressures and high speeds, such as the spindles of 
textile spinning frames, etc. : Sperm, olive, rape, heavy Scotch 
shale oils of 0*885-90 gravity, or mixtures of light shale and 
petroleum oils of 0*880-900 gravity with sperm, rape, olive, 
coconut, lard, or other fat oils. 

For shafting and all other ordinary machinery bearings : 
Olive, rape, lard, heavy shale, medium American petroleum 
and the thinner Eussian oils, either alone or mixed together, 
can be used with very satisfactory results. In making the 
selection regard should be paid to the average working tem- 
perature of the place or works. A mixed hydrocarbon and 
fat oil will give far better results than can be obtained by 
using a pur^ fat oil. 

The editor is entirely indebted to Veitch Wilson for the 
following more definite information 3,s to the oils best 
adapted for several classes of work, and he here quotes from 
a paper which he, the Editor, read before the Institute of 
Marine Engineers at Stratford in 1906, and reported in their 
Journal, Vol. XVIII, pp. 16-55. 

** Marine Engines. For engines of the largest size in hot 
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climates castor oil is'^-frequently used, especially in steam- 
ships trading to India ; but cooler and cleaner bearings, and 
^eater satisfaction, are said to be obtained from mixtures of 
heavy mineral oil and thickened vegetable oil, giving sp. gr. 
0-925°-935°; viscosity 1000-1500; flash 350' Fahr. For 
marine engines of modern size, in temperate climates, pure 
animal and vegetable oils are occasionally used, e.g. lard, 
refined rape or olive ; but compound oils, as above, are more 
commonly used, sp. gr. 920°-930° ; viscosity 750-1000 ; flash 
350° Fahr. The viscosity standard sperm oil at 70° Fahr. - 
100. 

'* Land Engines. For these, according to size, pressure 
and speed, the limits given for marine engines may usually 
be followed. When circulating pumps and filters are adopted, 
a thinner oil may be used on account of the steady and more 
copious appHcation v^hich they provide, without waste of the 
lubricant. 

** Dynamos. For these, on account of the extreme diver- 
sity in size and speed, a great range of oil is called for, from 
the lightest spindle oil for a model in a shop window, to the 
heaviest marine engine, or castor oil for the great dynamos 
for municipal lighting, or the transmission of power. 

" Locomotives. Eefined rape, formerly used almost univer- 
sally for locomotives, is now giving place to pale compound 
engine oils of moderate weight and body. Specific gravity 
0-920°-925° ; viscosity 500-1000 ; flash 350°. Some railway 
companies are turning their attention to the use of natural 
oils, with an addition of a small percentage of refined animal 
or vegetable oil. 

** For light speed machinery , such as rotary printing ma- 
chines, lathes, engineers' and machinists' tools, wood-working 
machinery, etc., oils of moderate body (vis. 150-306) but con- 
taining a liberal percentage of animal or vegetable oil ought 
to be employed. For engineers*, ironfounders' and ship- 
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builders' tools, for which quantity is frequently more im- 
portant than quality, mineral oils of heavy body (vis. 450-750), 
with or without an addition of a little animal oil, may be re- 
commended. 

*' For heavy hearings heated by steam ^ e.g. calenders and 
paper drying cylinders, either a cylinder oil or a solid lubricant 
ought to be used. 

" Solidified Oil. Under this generic name a new series of 
lubricants has been introduced within the last twenty-five 
years. They have usually the consistency of palm oil or 
coconut oil at 60°~70° Fahr., and it is said that some of them 
do not melt under 212° Fahr. In a few cases, these oils have 
an opaque cream-like appearance, and consist mainly of fatty 
matter in combination with an alkali (potash or soda) and 
water and mineral oil. The greater number consist mainly 
of naineral oil, in which is dissolved a- soda or lime soap, or 
the materials thereof. In many cases water is entirely ab- 
sent, but when present it rarely exceeds 2^ to 3 per cent. The 
presence of free fatty acid, which varies from 0*5 to 10 per 
cent, is a noteworthy feature in these oils, and must seriously 
affects their value as lubricants. It is claimed that solidified 
oils offer great economy in use, from the fact that they do not 
flow until the bearing has developed sufficient heat to melt 
them ; but it seems probable that the saving which may be 
effected in this way, may be more than counterbalanced by 
the e^tra power represented by the higher temperature of the 
bearings and by the danger to the bearings, which the presence 
of acid involves. 

** Textile Oils. For looms, olive oil is the type of oil, for 
spindles sperm, but when mixed oils are substituted for pure 
animal oils, an extra viscosity is allowed to compensate for 
th^ lower lubricating power of the oil^ so that instead of 
olive at 213 viscosity, and sperm at 100 viscosity, 25 to, 30 
per cent would be added. For ring spindles, which run i» 
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an oil bath, only replenished at intervals, a thinner oil is 
required, from. 75 to 100 viscosity. As to the production of 
stains, we have nothing to do from the mechanical point of 
view/' 

Oil for Compressor and Freezing Machinery. For this 
purpose it is imperative that it must be an oil which 
cannot be saponified, namely a pure hydrocarbon, and it 
is most essential that it should have a very low freezing 
point. 

It should be the rule to use the thinnest oil that will reduce 
the friction of the machinery to the minimum amount, as the 
use of too heavy an oil simply means the use of extra power, 
which is not economical. In those cases, as in the bearings 
of marine engine shafts, slides and screw shafts, where, owing 
to incessant use day after day without stopping, there is con- 
siderable tendency to heating, it will be found best to use a 
pure mineral oil. Give a very liberal feed, collect the surplus 
oil in suitable drip tins, allow this to stand, or filter it from 
any dirt or grit, and use it again. The question arises 
whether it would not be worth while for marine engineers to 
invent a form of hollow bearings through which a current of 
cold oil or water could be passed. The former would be pre- 
ferable. 

The editor would here, even at the risk of repetition, 
insert two tables giving the results of some experiments of 
Veitch Wilson and Mr. T. J. PuUen in 1883 on a machine 
designed by the latter, considered at that time the best for 
ascertaining the lubricative efficiency when the supply of oil 
was continuous. On the Stapfer machine they had found 
that where a limited number of drops were used, mineral 
oils of various classes and thicknesses, though giving good re- 
sults in comparison with fatty oils and compounds at the 
beginning of the trials, were soon exhausted; and the trial 
had to be stopped in some cases before they had run for half 
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an hour to save the journals. The lesson to be learned from 
this is obvious : — 

When mineral oils are used have a continuous feed. Mr. 
Pullen's machine had the testing journal 3 inches diameter 
and 3| inches long, and v^as run at an average speed of 1412 
revolutions per minute, equal to a surface speed of 1110 feet 
per minute with a total pressure of 60 lb. upon the brasses. 
The oil to be tested was liberally supplied to the bearing and 
no note taken of quantity consumed. 

It was found, First. That the working temperature and 
frictional resistance or drag of an oil on any bearing is regu- 
lated in the first instance by the body or viscosity of the oil, 
in the sense that the thicker the oil the higher is the tem- 
perature. 

Second. That as the temperature of the shaft is raised 
by friction the body of the oil is reduced and with it the fric- 
tional resistance or drag on the bearing. 

Third. A working mean in both cases is thus arrived at. 

Fourth. It would appear that in every case a consider- 
able reduction in the body of an oil must take place before 
the best lubricative results can be attained, and as the tem- 
perature to be developed on the bearing to effect this reduction 
must be greater in the case of a thick than a thin oil, it 
appears to be reasonable to infer that the best lubricative re- 
sults, viz. lowest temperature and least drag will under 
ordinary conditions — i.e. on a well-proportioned bearing true 
and in good order — be obtained by the use of the thinnest oil 
which will keep the metals apart. Heavier oils will, of course, 
be required for heavy bearings of large diameter, moving at 
slow speeds, than for journals approximating to the conditions 
to Mr. Pullen's tester in size, weight, and speed. 

Fifth. The answer with regard to the relative properties 
of simple and of compound oils is plain, consistent, and decisive. 
Comparison of the figures given in the two tables conclusively 
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shows that properly prepared compound oils run lighter and 
cooler than any simple animal or vegetable oils of like gravity 
and body. 

This comes out with unvarying regularity. Compare 
** spermoline ** with Southern or Atretic sperm, with which it 
practically agrees in body and gravity, and note how much 
lower it runs both in regard to drag and temperature ; or 
compare Lancastrine or Neats spindle oil both of which have 
considerably more body than the sperms, and still show 
favourably in regard to working. 

Oaee more, compare polar oil A with gallipoli, neatsfoot,^ 
lard, tallow, or rape oil, and note how polar oil, which has 
nearly double the average body of the animal and vegetable 
oils, with all the extra capacity for carrying weight which 
that great body implies, still shows as compared with these 
oils, a saving in frictional resistance of 10 to 12 per cent, and 
in temperature a difference of 5** to 10** Fahr. in its favour ; 
so that it finally appears, and it is but the endorsement of 
principles which we have long held and have regularly advo- 
cated, that both for heavy and light bearings, for steam 
engines, and for cotton spindles, better, safer, and almost 
uniformly cheaper oils are to be obtained by abandoning the 
so-called fixed oils, and adopting compounds of these with 
high class mineral oils. 

A machine will contain within itself both quick and slow 
speedSj and heavy and light pressures ; now it will follow, 
attending to the rules laid down, that to efficiently lubricate 
such a machine, a spinning frame for instance, a variety of 
oils would be needed, a thin oil for the quickest bearings, a 
thick oil for the heaviest and slowest bearings, and medium 
oils for intermediate pressures and speeds ; practically it will 
be found impossible to carry out this provision of oils to its 
fullest extent, as workmen cannot always be trusted to use 
the right kind of oil in the right place, but at least t\vo kinds 
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of oil should be provided — a light oil for the quicker motions 
and a heavier oil for the slower motions. 

No solid oil or grease should be used for lubricating ordin- 
ary machinery for reasons already given. It is on record 
that a mill in America which used to be lubricated entirely by 
greases was with difi&culty driven by the water-wheel ; re- 
placing the grease with a mineral lubricating oil it was found 
that there was quite sufficient power to drive the machinery, 
and experiments showed that it took 25 per cent less power 
to drive the machinery with oil than with grease, and the 
general temperature of the machinery was 35 less. Oil 
dealers are in the habit of talking to their customers a good 
deal of twaddle about oils, much of which arises from their 
ignorance of the real properties of oils and of lubrication ; 
they will enlarge on the merits of having an oil of high flash 
point, arguing that it must be safer than an oil of low flash 
point. Well, so it is, but flash point is not everything in 
oils ; it may be accepted that for ordinary machinery bearings 
any oil flashing above 330° Fahr., and for spindles any oil 
flashing above 350° Fahr., is safe enough. Now, high flash 
point is commonly associated with high viscosity ; and if for 
fast and light machinery, such as spindles, it is necessary to 
keep the viscosity low, then the flash point will be low too ; 
in fact both oil dealers and consumers should make viscosity, 
not flash point, the real crux or test point of oils; the great 
objection to this so far has been the want of a standard ap- 
paratus for the determination of viscosities. This, however, 
has now been remedied. 

Some dealers have much to say about the body of their 
oils. They are continually aiming at having great body, and 
will offer their customers for the lubrication of spindles an oil 
having a body or viscosity high enough for an engine shaft. 
This is pushing the matter too far to the other extreme. If 
viscosity or body is to be dilated upon, it should be done in 
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an intelligent manner, and the viscosity of an oil should be care- 
iuUy adapted to the particular purpose for which the oil is to 
be used. 

Marine engineers have a fondness for the oils they, use on 
1ihe slides and other bearings working what they call soapy or 
^ith a froth, being under the opinion that the bearings are 
being eificiently lubricated when this occurs. This is a mis- 
taken notion for two reasons, because efi&cient lubrication can 
ie got without soaping or frothing, and because soaping and 
frothing cannot be got without the use of rather poor qualities 
of fat oils. 

Oils are also sold under a variety of fancy names. This 
is all very well, and there is no objection to a dealer giving 
-any name he likes to his oils. The great objection is charg- 
ing a fancy price for such oils, far beyond their actual worth. 

The production of stains in cloths by the oils used for the 
lubrication of textile machinery of various kinds is one of 
great importance, and the necessity of avoiding the produc- 
tion of such stains has led to the introduction by dealers of 
^* stainless oils" for the lubrication of spinning frames and 
iveaving machinery. Some of these are correctly named, 
others are mere rubbish and are ^* stainless " only in name. 
Oil stains on cloth arise in several ways. However much care 
be taken m the working of the textile machinery, it is always 
impossible to prevent accidental splashes of the oil on the yarn 
or cloth. The modern spindle practically revolves in a bath 
of oil. Some of this, by the centrifugal motion, cannot fail, with 
many forms of spiAdle, to be thrown on the yarn as it is being 
spun. To prevent this to a great extent footstep protectors 
have been invented. Those made by Messrs. E. Jagger & Co. 
of Oldham are very efficient in preventing splashing of oil. 
Then in the loom there is a liability of oil dropping from 
overhead motions on to the warp or woven cloths. These oil 
stains are most undesirable, as they spoil the appearance of 
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the cloth. They must be got out by some means. Now it 
has been found that these oil stains can be divided into two 
kinds, one that can be easily got out by treatment with alkaline- 
liquors, such as boiling with solutions of soda ash, caustic 
soda, and lime, and another kind of stain that cannot be got- 
out by these, practically the only cleansing processes that can 
be applied to textile fabrics. These fixed stains are of two* 
kinds, one oily, evidently due to the oil used, the other of a^ 
metallic — chiefly iron — origin. The latter stains have prob- 
ably got on to the fabrics in this way. The friction of the 
machinery causes the wearing down and the production of a. 
fine metallic dust from the metal of the bearings. This gets, 
into the oil, and, of course, if any of this gets on the fabrics- 
the process of cleansing does not effect them, in fact it tends 
to fix them on the cloth, while the oil is washed away. They 
can only be removed by. treatment with acids. As they are- 
derived from the metal of the bearings, oils that are acid, and 
hence liable to corrode the metal, are more liable to produce 
them than pure neutral oils. Iron stains are red, and can be 
tested for in this way. Treat the stain with a drop of 
hydrochloric acid, and then a drop of a solution of ferrocyanide- 
(yellow prussiate) of potassium, when a blue colour, showing^ 
the presence of iron, will be obtained. Copper or brass stains- 
maybe of various colours — black, grey, or greenish. Treated 
as with iron stains, they will give a brown colour, or, if first 
with hydrochloric acid, then with a drop of ammonia, they^ 
will give a blue colour, turning black on adding a drop o 
ammonium sulphide. 

Mineral oils are the only oils that give a permanent staia 
on fabrics. If a drop of such oil gets on to textile fabrics, 
whether it be a so-called ** bloomless*' or ** stainless" oil or 
not, it cannot be got rid of entirely. How much is got rid 
of depends upon the length of time which elapses between 
the oiling of the goods and the cleansing operation. The 
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longer the interval, the more the oil has the chance of 
penetrating into the fibres of the cloths or yarns, and the more 
it resists the cleansing process. The only way of removing 
such stains is to cover them with olive oil, allow this to soak 
well in, and then scour with soda lye in the usual way. 
Even then it is sometimes difficult to remove them entirely. 
Stains caused by mixed oils are removed more easily, but it 
has been found by Scheurer that the proportion of mineral 
oil must not exceed 50 per cent of the mixed oil. Even then 
it requires prolonged treatment to remove all the oil. From 
which it will be seen that no mineral oil, or even a mixed oil, 
can really be considered, nor should they be sold, as " stainless 
oils,'' although such is done too often. Some qualities of these 
*' stainless oils *' are very pale in colour, almost white. They 
impart no or but slightly visible stains, and hence in a sense 
justify their name. A lubricatyig oil containing more than 25 
per cent of mineral oil cannot be considered as a " stainless 
oil," because it is impossible to ensure the entire removal of the 
oil stains it may produce if it contains more than that amount. 

Cotton cloths have to be bleached, and they pass through 
a very severe treatment with alkali and chlorine during the 
process. If any mineral oil is left in the cloths after the 
treatment with alkali, the chlorine attacks it, and forms 
decomposition products. 

These are at first white, after some time become yellow, 
and thus spoil the appearance of the fabrics. Such stains 
are difficult to remove, and the only practical method is to 
saturate them with olive oil, and, after soaking for some 
time, boiling with alkaline lyes. 

It will be found best to take proper precautions to prevent 
splashing of the oils from bearings on to the cloths, etc., while 
they are being spun or woven, and there is more chance of 
success by so doing than by using nine out of ten samples of 
stainless oils. 
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(B). Lubrication at High Temperatures. 

The second part of lubrication deals with the lubrication 
of steam engine cylinders, a subject of great importance to 
users of engine power who, and especially their engineers, 
have very httle knowledge of the scientific principles that 
underlie the lubrication of engine cylinders, and very few oil 
dealers are in a position to properly advise their clients on 
this matter. 

The conditions to which oils are subjected when used for 
the lubrication of a cylinder are those to which they might 
be subjected under ordinary circumstances, and which have 
already been dealt with, and three new conditions, viz. heat, 
pressure, and moisture ; and these are the main factors to be 
considered. 

Oils which are not altered under ordinary conditions, and 
are therefore efficient lubricants for machinery, are much 
affected by the increased heat and pressure to which they are 
subjected, and to a greatly increased action of water when 
used in steam engine cylinders. 

The temperature to which the oils are subjected varies 
with the pressure, and the table on opposite page shows 
the relation of temperature to pressure. 

The effect of temperature on oils is first to cause them to 
become thin and watery, or, as the oil dealers say, attenuate ; 
this means that they lose much of their lubricating power, 
and hence it follows that those oils which suffer the least loss 
of viscosity under the influence of heat must be best. Oils 
vary much in this respect. Some, like sperm, thin down 
very little ; mineral oils attenuate very much — the Eussian 
oils being the worst sinners in this respect. This loss of vis- 
cosity by heat decreases the adhesiveness of the oils for the 
hot surfaces, hence there is more tendency for hot surfaces 
to work **dry" than for cold surfaces. Experience has 
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shown that fat oils lose very much of their adhesive power 
by heat, distilled mineral oils next, and that a steam-refined 
and filtered natural cylinder oil loses the least in proportion. 
This is therefore a more efficient cylinder lubricant than 
either of the other kinds. 

Before the cylinder oils made from petroleum oils were 
introduced, the most commonly used oils and fats for thia 
purpose were tallows, suet, neatsfoot, and castor oils. These 
were the favourites with en^rineers, although occasionally 
other oils were used. 
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While tallow of good quality served fairly well so long 
as low steam pressures were the rule, tallow sold for that 
purpose was not always freed from fatty acids of decomposi- 
tion, and sometimes deleterious mixtures were made which' 
could not fail to work serious mischief. In the high pressure 
engine of the present day, the conditions in the cylinder — 
great heat pressure and steam — are exactly those existing in 
the autoclave or digester where fats are purposely broken up 
or decomposed to get the fatty acids and the glycerine dis- 
sociated. And when tallow or other fatty oils are used the 
consequences are very serious. The glycerine, being volatile 
in the presence of steam, passes away with the exhaust steam ; 
the fatty acid not being volatile remains behind in the 
cylinders and settling on the metal begins to corrode it, form- 
ing solid cakes and balls of a black greasy substance consisting 
of fat and grease, fatty acid, partly free and partly in com- 
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Wnation with oxidized iron, or particles of abraded metallic 
iron. It is no uncommon thing to take large masses of this 
€tuflf out of a cylinder. 

This corrosion leads to pitting of the working and other 
surfaces of the cylinder ; the friction and therefore the wear 
of the rubbing surfaces are increased, which means an in- 
crease in the cost of repairs. It is no uncommon thing to 
take out bolts which have been corroded away to a mere 
thread by the action of the fat acids which have been formed 
by the decomposition of the fats and oils used. This evil is 
intensified where suet is used, for here the animal tissue 
which is present in suet is an additional source of trouble, as 
it gets into the interior of the cylinder ancj clogs the piston in 
its working, besides having a greater tendency to cause the 
formation of cylinder grease balls. 

It is evident therefore that fat oils, such as tallow, lard, 
castor oil, neatsfoot oil, are not suitable for use as lubri- 
cants for steam engine cylinders, and their use should be 
abandoned. 

When after using such oils a change is made to a mineral 
cylinder oil, the cakes of grease, etc., begin to soften and 
gradually work out, and the cylinder gets foul very quickly. 
Hence users are often led to think that mineral oils work 
dirty and give up their use ; this is a mistake, the use of the 
oil should be persevered in, the cylinder will gradually become 
freed from the residues of fatty matter and then these oils 
work as clean as an oil can be expected to work. 

For the lubrication of the high pressure steam cylinder 
hydrocarbons of the highest and most uniform quality are 
alone permissible. For these oils L. Archbutt*s test is the 
most valuable. He regards 1 per cent loss the greatest per- 
missible after an exposure of one hour to a temperature of 
STO"* Fahr. Perhaps in the cylinder the conditions are even 
more severe than in the laboratory test, but oils which pass 
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that trial should be very efficient. It is possible that some of 
the oil might evaporate and condense again, getting into the 
condensers and into the feed water. Certainly it does come 
over either in this way or as a splash, and no very efficient 
filter has yet been devised which will do away entirely with 
this inconvenience. Cylinder lubricants, in the case of 
surface-condensing engines, are also carried through the con- 
denser into the boilers, where they accumulate on the tubes,, 
forming non-condensing films which prevent the transmission 
of heat and lead to superheated plates and collapse. 

In a report of a discussion on this question at a meeting,. 
11 November, 1895, held at the Marine Engineers* Institute 
at Stratford, A. J. Durston, C.B., now Kt., President of the 
Association, as chairman, said : ** Grease filters are extensively 
made use of on board H.M. ships, but the best of them only 
partially extract the grease : and the author (of the paper dis- 
cussed, W. "W.*Houflfe, Efong Kong) scarcely realizes either 
the difficulty of extracting oil from feed water when it has. 
been beaten up, and intimately mixed with it, emulsified as* 
it were, or the danger of overheating that occurs with very 
slight oil deposit on the heating surfaces, when boilers are 
forced, as they have to be occasionally. He suggests e^ihaust 
steam filters, and it has occurred to others that as the glob- 
ules of oil when mixed with steam are very heavy, as com- 
pared with the globules of steam, that they could be more 
readily separated than when incorporated with the feed 
water. This method has obtained a hmited success with 
auxiliary machinery. Our constant endeavour in the Eoyal 
Navy is to use the smallest possible amount of oil in the 
cylinders as the lesser of two evils, so long as the working 
surface shows no sign of abrasion, the additional friction 
being preferred to the danger and difficulty attendant on & 
more copious supply of oil.'* If Mr. Houflfe could show us 
how to apply a sufficient quantity of oil to the internal work- 
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ing surfaces, and to recover it all, or practically all, before the 
feed water enters the boiler, the use of superheated steam of 
high pressure would fall within the region of practical 
engineering, for the heavy filtered cylinder oils now obtainable 
are undoubtedly efficient lubricants at high temperatures. 
In my opinion he has not done so. If a practical method of 
separating oil from exhaust steam or feed water can be found, 
the use of high pressure steam will, no doubt, receive proper 
consideration from marine engineers. 

" Only pure hydrocarbons are used for internal lubrication 
in the Eoyal Navy ; but with regard to the use of undistilled 
filtered oils, I may say that the Admiralty have made some 
trials during the past three years with distilled and undistilled 
oils, in a vessel fitted with high pressure steam boilers, and 
making regular voyages under practically the same conditions. 
Some boiler troubles, caused by greasy deposit on the heating 
surfaces, had been experienced, in the vessel referred to, and 
the supply of the ordinary service mineral oil had been re- 
duced to the lowest possible limit. The service oil is a pure 
distilled American oil, with the paraffin scale extracted, so 
that the oil will remain fluid at 32** Fahr. minimum density 
•91, and minimum flash point 400° Fahr. The undistilled 
oils were well-known kinds. The broad results arrived at 
were, that 1 gallon of undistilled oil was equivalent, in lubri- 
cating effect, to 3 or 4 gallons of the distilled oil, in this par- 
ticular ship ; and that the boiler deposit was less in quantity, 
and of a less objectionable nature. 

** Former trials, made with steam of lower pressures, had 
not shown the marked superiority of the undistilled filtered 
oil, and in point of fact, at the lowest pressures the service 
oil, which is much lower in price, gave equally good results 
in practice. 

" The later trials show, however, that the choice of a suit- 

21 
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able cylinder oil is a matter that requires the most careful 
consideration with increasing steam pressures." 

He also said : " There is a function which, as it appears to 
me, is carried out in the engine by water and moist steam. A 
very small quantity of lubricant we find by our general ex- 
perience has shown us that a little swabbing of the piston 
rods and dide valves is all that is necessary in most cases. I 
know that myself from a very large experience, and even in 
the fast torpedo boat destroyers every oil cup is done away 
with. The oil that goes into the cylinders goes in through 
the piston rods, and yet a great deal gets in, very often much 
more than we wish. Well the other function of the water 
and moist steam to which I referred is this: the small quan- 
tity of lubricant that goes into the cylinders is very well dis- 
tributed over the surfaces, by the minute division of the water 
and the steam. Each particle of water and steam carries 
with it a very infinitesimal quantity of the lubricants *\ 

Only as an index of evaporation has the flash point any 
application in the case of oils in the steam cylinder. The 
steam excludes all air or oxygen, and without it there can be 
no combustion. The preparation of the best cylinder oils, 
which have been subjected to a heat of 600° Fahr. for hours 
for the purpose of removing the more volatile portion, secures 
a high flash ; and the body or viscosity is also raised by the 
removal of the lighter fraction, so that good cylinder oils 
should not flash below 500° Fahr. or even 25° to 50° above 
that. My authority, Veitch Wilson, gives the following as 
the requirements for the lubrication of steam cylinders, 
pistons, and valves. When these work in connexion with 
surface condensers, pure hydrocarbon oils are the only per- 
missible lubricants, as the fatty acids which may be liberated 
when animal or vegetable oils are exposed to the action of 
heat or steam, are liable to produce deposits in cylinders, 
condenser tubes, and boilers, and to corrode the metal of 
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these. When ordinary spray or injector condensers are used, 
the addition of a little refined neutral tallow, may be recom- 
mended, especially in the case of heavy horizontal cylinders 
or shde valves. Charcoal filtered oils have specific gravity 
about 0*890, viscosity two to three times that of tallow at 212** 
Fahr. Natural oils have specific gravity about 0*900, vis- 
cosity two to three and a half times that of tallow at 212'* Fahr. 
Flash point ought not to be under 500° Fahr. Eate of evap- 
oration ought not to exceed 1 per cent after exposure for 
one hour to Archbutt's test. An analysis of the deposit in 
cylinders where tallow was used was : — 

Animal oil 28-2 per cent. 

Carbon 11*1 i* ♦» 

Oxide of iron 4*2 „ „ 

Metallic iron 63'3 „ „ 

Lime 0*6 „ „ 

Water 0-9 „ „ 

Undetermined I'B „ ,, 

C. Lubrication of Internal Explosion Engines. 

The gas, the oil, and the petrol engine, are all virtually 
gas engines. It is probable that in the case of engines in 
which the fuel is forced into a red-hot chamber, the oil may 
be converted into gas, but in the case of engines introducing 
fuel by a spray carburettor at normal temperatures it is 
probable that the fuel is introduced in the form of atoms. 
In the more or less gaseous form the fuel is mixed with its 
equivalent of oxygen diluted in atmospheric air and in the 
combustion chamber compressed and ignited. The expansion 
due to the great heat of the exploded gases propels the piston 
in the cylinder, and the momentum of the fly-wheel converts 
the direct thrust into circular motion. In the steam cylinder, 
the steam is alternately let into either end, and the fly-wheel 
keeps up the motion in the same way, but the shock, strain, 
and torsion in the gas explosion engine is much more severe, 
and the oil, used to reduce friction, must be of the best 
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quality in both cases to form an efifectual cushion between 
the rubbing surfaces. 

In the chapter on the lubrication of steam cylinders it 
was shown that hydrocarbons of the highest quality were 
the only satisfactory lubricant, and the, higher the steam 
pressure, more body and durability were required in the oils. 
Now as all the earlier motor engineers had of necessity gradu- 
ated through steam practice and were acquainted with the 
troubles experienced in many cases through the use of fatty 
oils in steam cylinders, it was perhaps not strange that the 
opinion that fatty oils were detrimental to gas engine and 
motor cyUnders, should be a common one. It was believed 
that they would produce gummy deposits, and liberate acids 
detrimental to the cylinder. Veitch Wilson in a lecture 
given before the Coventry Engineering Society, 8 April, 1910, 
said that at one time he thoroughly sympathized with this 
apprehension, ** which I may say I at one time entertained, 
as far as gas engines were concerned. It happened, how- 
ever, in my case that upwards of twenty years ago, facts came 
to my knowledge with regard to the practice of several lead- 
ing makers of gas engines who, despite the evil reputation of 
fatty oils, and their higher cost as compared with pure 
mineral oils, not only used compound oils themselves but in- 
sisted on their customers using such oils upon pain of for- 
feiture of the maker's guarantee of the engine. I also 
learned that these makers preferred compound oils, not only 
because they reduced friction, reduced gas consumption, and 
prolonged the life of the engine, but more remarkably because 
they reduced, if they did not entirely prevent, deposits. I 
confess that with such evidence before me, on one hand of 
the efl&ciency, and on the other of the harmlessness of com- 
pound oils, I became a convert by conviction to their efl&cacy 
and value. I remember discussing the question with one 
of the big makers of oil engines in the Eastern counties, and 
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when I expressed surprise at their preference for fatty oils 
for lubrication of their engines, I was met by the reply, * If 
we can run our engine as we can do in case of need, on pure 
fatty oil for fuel, surely there can be little harm from the 
quantity required for lubrication,* which seemed an un- 
answerable argument." This conversation took place before 
the days of motors. When motors came in this authority 
unreservedly recommended compound oils, and still does so. 
He says, that while he does not claim to have converted all 
motor manufacturers to his '*way of thinking,'* he does 
" notice with interest that even those who, either as a matter 
of principle or economy generally use pure mineral oils, adopt 
compound oils when any important trials or tests are pending '*. 

The petrol engine has no heated vaporizer like the oil 
engine. The carburettor or mixing chamber is at the begin- 
ning at the atmospheric temperature, and the vaporization of 
the fuel is accompHshed by a carburettor in which the fuel 
is usually sucked through a spray nozzle and at the same 
time mixed with the air required for combustion, the suction 
being obtained from the vacuum produced by the piston on 
the induction stroke. It enters as a vapour or spray, which 
on compression by the piston is ignited by the electric spark, 
and the heat of the explosion gradually heats up carburettor 
and cylinder to the point where the water cooling controls it . 
This temperature in the case of the cylinder seldom exceeds 
250° Fahr. If the liquid fuel refuses to volatilize at this 
temperature, it will follow that the sprayed fuel will be in- 
completely consumed and a source of trouble in the cylinder, 
and may account for the oily carbonaceous residue so much 
complained of. This may occur from either the use of im- 
proper fuel or careless stoking. The fuel may be bad for 
want of uniformity, for specific gravity is an illusive guide to 
quality. Anyone who is conversant with the operation of 
fractionation during the redistillation of the Hghter portion 
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of shale or petroleum oils, knows that any gravity may be 
got by mixing an early fraction with a late one, and that 
while the middle cut, as it is called, is satisfactory in every 
way, it is the reverse with the mixture. In his lecture 
Veitch Wilson gives the results of the fractional distillation 
of various standard commercial grades of light hydrocarbons. 
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A study of the above tabulated results will make it evident 
that specific gravity alone tells very little of the character of 
the spirit, and it is not difficult to imagine that the oily and 
bituminous residue in the case of the petrol motor cylinder 
may arise from this heavy winged portion, which should 
never have been there, but which has got into the cylinder 
as a spray not as a gas. 

The chief objection urged against the use of fatty oils for 
the lubrication of gas, oil, and petrol engines has been the 
formation of carbon in the condition of pitch or even cinder 
in the cylinder. Eleven samples of motor engine deposits on 
analysis were found to average, volatile, 41, coke, 43, ash, 14, 
and insoluble, 2 per cent. The ash consisted principally of 
iron with a trace of copper, lime, and silica. The volatile is 
evidently imperfectly burned oil, the coke the same but more 
reduced. The iron and copper were no doubt from the wear 
and tear, the lime and sand from the road, but there is no- 
thing to show that the small fraction of lubricating oil is 
the offender ; and there is still less to show, if it is a com- 
pound gas engine oil that is used, that the very much reduced 
percentage of animal or vegetable oil contained therein is 
to blame. So far from this being the case, compound oils 
of the highest quality of American oils mixed with carefully 
refined fatty oils are being used more and more, the most 
popular oil on the market for gas, petrol, or oil engines being 
of this composition. 

In the paper already referred to Mr. Wilson gave ocular de- 
monstration by means of lamps lit simultaneously, some con- 
taining fatty oils, and others hydrocarbon oils, all without 
chimneys. The lamps containing vegetable oils and alcohol 
burned freely and without a trace of smoke, while those con- 
taining petroleum lamp oil, lubricating oil, and petrol, had to 
be extinguished after a few minutes* burning on account of 
the smoke emitted ; and the reason why was made evident bv 
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the study of a table of the analyses of the several oils. The 
fatty oils contain so much oxygen in their constitution that 
less is required fronr the atmosphere ; 1 lb. of motor spirit re- 
quired for its combustion of air 15'84 lb., equal to 206 cubic 
feet; 1 lb. of fatty oil required 12-87 lb., equal to 167 cubic 
feet, and 1 lb. of alcohol required only 9*31 lb., equal to 121 
cubic feet of air. The deposits which sometimes are found 
on the carburettor side of the induction valve cannot arise 
from the lubrication of the cylinder, as the strong current of 
gas and air rushing inv^ards during the suction stroke, when 
this valve is open, would prevent the oil going backwards; 
during the other three strokes of the ottocycle of motion this 
valve is shut. Imperfect vaporization of the fuel can alone 
account for it. 

The compound oil must have for its base a hydrocarbon 
of the best quality, and the percentage of fatty oil must 
be free from tendency to gum, and free from acids, mineral 
or fatty. This latter property is not so easy of attain- 
ment, as most commercial oils of this nature are more or 
less acid, and the acid is only separated at the expense of 
more of the oil being at the same time converted into soap. 
This is inconvenient if the manufacturer is not also a soap- 
maker. 

In the gas, oil, or petrol engine the heat of the explosion 
of the mixture already heated by its compression must range 
from 2000° Fahr. to 3000° Fahr. This is made less by the sub- 
sequent expansion and energy expended on the work done, by 
radiation, and lastly by the discharge of the hot used-up gases 
through the exhaust. In practice the heat in the working 
part of the cylinder and piston is found not much to exceed 
that of boiling water, yet the thinning effect of that 
temperature on oils, as will be seen by an examination of 
tables of viscosities, makes the problem of the lubrication of 
the internal combustion engine of whatever type one of diffi- 
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culty, and that especially where air alone has to be depended 
on for cooling the cyhnder. 

In the case of ordinary gas and oil engines with water- 
jacketed cylinders, fixed on heavy foundations and so rendered 
free from vibration, with a more or less abundant suppJy of 
cold water, the oil question is not so difficult. Stationary 
engines run at moderate speeds, probably at from 150 to 200 
revolutions per minute, but motor car and motor cycle engines 
run at speeds of from 1000 to 2000 with 500 to 1000 explosions 
per minute, and as their supply of cooling water is necessarily 
limited, the problem of lubrication is more difficult. 

It must be evident that the lubricant for these several 
types must vary. In every case the oils must be- such that 
the heat will not dispel them so as to leave the rubbing sur- 
face dry. Also it must be such that bearing in mind the 
attenuating power of the heat, it shall retain as much body 
as will lubricate the surfaces under the maximum of heat and 
speed. 

For the former air-cooled engines and very high speeds as 
2000 revolutions per minute with 1000 explosions, very thick 
oils must be chosen, and the oil must be applied by pressure, 
or kept in a flowing condition by steam heat till it is got at 
the point of application. For small car or voiturette engines, 
with one or two cylinders wholly or partially water-cooled 
running at a speed of 1200 to 1500, with 600 to 750 explosions 
per minute, oils of medium body may be used. For large car 
engines with 750 to 1000 revolutions per minute with half 
that number of explosions, a thinner oil of good quality may 
serve. The concussion is not so great and the mechanical 
construction so perfect, that much thinner oils of good 
quality may be used. 

The body or viscosity required for the several purposes 
recommended by Veitch Wilson are as follows : — 

Oils for motors. For heavy gas engines, an oil, specific 
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gravity 0-905°-910° ; viscosity at 70" Fahr. 750, at 120° 150, at 
180° 100, and at 212° 65 ; flash 550 ; setting-point 32° Fahr. 
The standard for viscosity, sperm oil at 70° = 100. 

For motor cycles with air-cooled cylinders, an oil, specific 
gravity 0-890°-895° ; viscosity at 70° 2750, at 120° 435, at 180" 
100, and at 212° 65 ; flash 550° ; setting-point 40° Fahr. is 
used. 

For small cars and voiturettes with air-cooled or partially 
water-cooled cylinders, an oil, specific gravity 0'890°-895° ; 
viscosity at 70° 2000, at 120° 340, at 180° 85, and at 212° 55 ; 
flash point 500°; setting-point 40° is recommended. 

For the largest cars with wholly water-cooled cylinders, an 
oil is recommended specific gravity 0*900''-905° ; viscosity at 
70° 1200, at 120° 230, at 180° 60, and at 212° 45 ; flash 450° ; 
setting-point 32° Fahr. 
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APPENDIX A. 

Densities Gobbespondino 'to Baume's Hydboheteb fob Liquids Lightbb 

THAN WaTEB. 



B. 


Density. 


B. 


Density. 


B. 


Density. 


B. 


Density. 


10 


1-000 


23 


0-918 


36 


0-849 


49 


0-789 


11 


0-993 


24 


0-913 


37 


0-844 


50 


0-785 


12 


0-986 


25 


0-907 


38 


0-839 


51 


^ 0-781 


13 


0-980 


26 


0-901 . 


39 


0-834 


52 


0-777 


14 


0-973 


27 


0-896 


40 


0-830 


53 


0-773 


16 


0-967 


28 


0-890 


41 ' 


0-826 


54 


0-768 


16 


0-960 


29 


0-885. 


42 


0-820 


55 


0-764 


17 


0-954 


30 


0-880 


43 


0-816 


56 


0-760 


18 


0-948 


31 


0-874 


44 


0-811 


57 


0-757 " 


19 


0-942 


32 


0-869 


45 


0-807 


58 


0-753 


20 


0-936 


33 


0-864 


46 


6-802 


59 


0-749 


21 


0-930 


34 


0-859 


47 


0-798 


60 


0-745 


22 


0-924 


35 


0-854 


48 


0-794 







Fonuula for calculating degree Baume to actual specific gravity :- 
Specific gravity =. ^3g.e3^oBe. 
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Comparison of Different Thermometbic Scales. 



Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


-40 


-40 


2 


86-6 


44 


111-2 


86 


186-8 


-39 


38-2 


3 


37-4 


45 


113 


87 


188-6 


38 


36-4 


4 


39-2 


46 


114-8 


88 


190-4 


37 


34-6 


5 


41 


47 


116-6 


89 


192-2 


86 


82-8 


6 


42 8 


48 


118-4 


90 


194 


35 


31 


7 


44-6 


49 


120-2 


91 


195-8 


34 


29-2 


8 


46-4 


50 


122 


92 


197-6 


33 


27-4 


9 


48-2 


51 


128-8 


98 


199-4 


32 


25-6 


10 


50 


52 


126-6 


94 


201-2 


31 


28-8 


11 


518 


58 


127-4 


95 


208 


30 


22 


12 


53-6 


54 


129-2 


96 


204-8 


29 


20-2 


13 


55-4 


55 


131 


97 


206-6 


28 


18-4 


14 


57-2 


56 


132-8 


98 


2084 


27 


16-6 


15 


59 


57 


134-6 


99 


210-2 


26 


14-8 


16 


608 


58 


186-4 


100 


212 


25 


13 


17 


62-6 


59 


188-2 


101 


213-8 


24 


11-2 


18 


64-4 


60 


140 


102 


215-6 


28 


9-4 


19 


66-2 


61 


141-8 


103 


217-4 


22 


7-6 


20 


68 


62 


143-6 


104 


219-2 


21 


5-8 


21 


69-8 


63 


145-4 


105 


221 


20 


4 


22 


71-6 


64 


147-2 


106 


222-8 


19 


2-2 


28 


73-4 


65 


149 


107 


224*6 


18 


0-4 


24 


75-2 


66 


160-8 


108 


226-4 


17 


+ 1-4 


25 


77 


67 


152-6 


109 


228-2 


16 


3-2 


26 


78-8 


68 


154-4 


110 


230 


16 


5 


27 


806 


69 


156-2 


111 


231-8 


14 


6-8 


28 


82-4 


70 


158 


112 


233-6 


13 


8-6 


29 


84-2 


71 


159-8 


113 


285-4 


12 


10-4 


30 


86 


72 


161-6 


114 


237-2 


11 


12-2 


31 


87-8 


73 


163 4 


115 


239 


10 


14 


32 


89-6 


74 


165-2 


116 


240-8 


9 


15-8 


38 


91-4 


75 


167 


117 


242-6 


8 


17-6 


34 


93-2 


76 


168-8 


118 


244-4 


7 


19-4 


85 


95 


77 


170*6 


119 


246-2 


6 


21-2 


36 


96-8 


78 


172-4 


120 


248 


5 


23 


87 


98-6 


79 


174-2 


121 


249-8 


4 


24-8 


38 


100-4 


80 


176 


122 


251-6 


8 


26-6 


39 


102-2 


81 


177-8 


128 


258-4 


2 


28-4 


40 


104 


82 


179-6 


124 


255-2 


1 


30-2 


41 


105-8 


83 


181-4 


126 


257 





32 


42 


107-6 


84 


188-2 


126 


268-8 


+ 1 


33-8 


48 


109-4 


85 


185 


127 


260-6 
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Comparison of Different Thermometric Scales — 
(Contintied), 
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Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


128 


262-4 


178 


354-2 


229 


446 


280 


687-8 


129 


264-2 


179 


866 


280 


447-8 


281 


639-6 


130 


266 


180 


857-8 


281 


449-6 


282 


541-4 


181 


267-8 


181 


369 6 


282 


451-4 


283 


548-2 


132 


269-6 


182 


361-4 


288 


453-2 


284 


546 


182 


271-4 


188 


868-2 


284 


455 


285 


646-8 


183 


273-2 


184 


866 


286 


456-8 


286 


548-6 


184 


275 


186 


366-8 


236 


458-6 


287 


560-4 


185 


276-8 


186 


368-6 


237 


460-4 


288 


662-2 


186 


278-6 


187 


370-4 


2:^8 


462-2 


289 


664 


187 


280-4 


188 


872-2 


239 


464 


290 


666-8 


188 


282-2 


189 


874 


240 


466-8 


291 


667-6 


189 


284 


190 


376-8 


241 


467-6 


292 


669-4 


140 


286-8 


191 


377-6 


242 


469-4 


298 


561-2 


141 


287-6 


192 


879-4 


243 


471-2 


294 


668 


142 


289-4 


198 


381-2 


244 


473 


295 


664-8 


148 


291-2 


194 


883 


245 


474-8 


296 


666-6 


144 


293 


196 


384-8 


246 


476-6 


297 


668-4 


145 


294-8 


196 


886-6 


247 


478-4 


298 


570-2 


146 


296-6 


197 


388-4 


248 


480-2 


299 


572 


147 


298-4 


198 


390-2 


249 


482 


300 


678-8 


148 


300-2 


199 


392 


250 


483-8 


301 


676-6 


149 


302 


200 


393-8 


251 


485-6 


302 


577-4 


160 


308-8 


201 


896-6 


252 


487-4 


308 


579-2 


161 


305-6 


202 


897-4 


258 


489-2 


804 


681 


162 


307-4 


203 


899-2 


254 


491 


305 


582-8 


163 


309-2 


204 


401 


266 


492-8 


306 


584-6 


164 


311 


205 


402-8 


256 


494 6 


307 


586-4 


166 


812-8 


206 


404-6 


267 


496-4 


308 


588-2 


156 


814-6 


207 


406-4 


258 


498-2 


809 


690 


157 


316-4 


208 


408 2 


269 


500 


310 


591-8 


158 


318-2 


209 


410 


260 


501-8 


311 


593-6 


169 


820 


210 


411-8 


261 


503-6 


312 


595-4 


160 


321-8 


211 


418-6 


262 


506-4 


813 


597-2 


161 


328-6 


212 


415-4 


263 


507-2 


314 


599 


162 


325-4 


213 


417-2 


264 


509 


315 


600-8 


168 


827-2 


214 


419 


265 


610-8 


316 


602-6 


164 


829 


215 


420-8 


266 


512-6 


317 


604-4 


166 


380-8 


316 


422-6 


267 


614-4 


318 


606-2 


166 


382-6 


217 


424-4 


268 


516-2 


819 


608 


167 


884-4 


218 


426-2 


269 


518 


320 


609-8 


168 


836-2 


219 


428 


270 


619-8 


321 


610-6 


169 


838 


220 


429-8 


271 


521-6 


322 


612-4 


170 


389-8 


221 


481-6 


272 


523-4 


323 


614-2 


171 


341-6 


222 


433-4 


273 


525-2 


324 


616 


172 


343-4 


223 


436-2 


274 


527 


325 


617-8 


173 


345-2 


224 


437 


275 


528-8 


326 


619-6 


174 


347 


225 


488-8 


276 


530-6 


327 


621-4 


175 


348-8 


226 


440-6 


277 


532-4 


328 


628-2 


176 


350-6 


227 


442-4 


278 


534-2 


329 


625 


177 


852-4 


2:8 


44i-2 


279 


536 


330 


626 8 
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Comparison of Different Thermometric Soai<es — 
(Continued). 



Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 


331 


628-6 


339 


643 


347 


657-4 


856 


671-8 


332 


630-4 


340 


644-8 


348 


659-2 


356 


673-6 


333 


632-2 


341 


646-6 


349 


661 


367 


675-4 


334 


634 


342 


648-4 


360 


662-8 


358 


677-2 


335 


636-8 


343 


650-2 


351 


664-6 


369 


679 


336 


637-6 


344 


652 


362 


666-4 


360 


680-8 


337 


639-4 


345 


653-8 


353 


668-2 






338 


641-2 


346 


665-6 


354 


670 
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Table or Spbcitic Obathies of Fattt Oils at 15° C. (60" F.). 







Weight of 


Trade Weight 






1 Gallon. 


per OfllloD. 


Almond oil . 


0-919 


9 Ih. 8 oz. 


9 lb. 


Arachis (ground nut) oil 
Castor oil 


0-920 


9 „ 3 „ 


91 „ 


0-964 


9 „ n „ 


9i„ 


Coconut oil . 




0-925 


9 »» 4 ), 




Cotton seed oi 


1 




0-923 


9 ,. 4 ,. 


9^, 


Linseed oil 






0-932 


9 „ 5i „ 
9 ♦! 25,, 


91 „ 


Olive oil 






0-915 


9 „ 


Palm oil 






0-940 


9 „ 6 „ 




BapeoD 






0-914 


9 »i ^ »> 


9 „ 


Sesame oil 






0-923 


9 „ 4 „ 


91 „ 


Lard oil. 






0-912 


t7 1) ^ )) 


9 „ 


Tallow oil 






0-912 


9 ., 2 „ 


9 „ 


Neatsfoot oil 






0-914 


9 „ 2J „ 


9 „ 


Tallow . 






0-940 


9 „ 6 „ 




Sperm oil 






0-888 


8 „ 14 „ 


8|T, 


Whale oil 






0-925 


9 ,. 4 „ 




Mineral oil 






0-875 


8 „ 12 „ 


8f 


Mineral oil 






0-903-7 


9 }» 1 )} 


9 ;; 


Mineral oil 






0-925 


9 „ 4 „ 


9 „ 



In the summaries of the constants given under each oil, 
gravities at other temperatures are given. 
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LUBRICATION OF INTERNAL EXPLOSION ENGINES. 

An explosion is caused by the chemical combination of two 
or more bodies gaseous, or containing gases, to form another 
body quite different from them. Heat is produced by the 
union, and the sudden expansion caused by it is the cause of 
the sound, that always accompanies explosion. Take the 
simple case of the explosion in a bottle, of hydrogen and 
oxygen, in the proportions by weight of 1 part of hydrogen 
to 8 of oxygen to form water. The explosion is a fairly 
violent one. If either element is in excess the explosion is 
less violent, because the element in the minority is the 
measure of its strength, as the strength of a chain is that of 
its weakest link. In the case of explosions in coal pits or 
houses where there has been a gas escape, the same principle 
holds good. The effects are not always of the same violence. 
When the gases exist in the chemical proportion to make 
an explosive mixture, the effect is terrific. In the case of a 
house, the products of combustion do not take time to escape 
by blowing out the doors and windows, but utterly destroy 
the building. This is the kind of explosion desired in a gas 
or oil engine. The oxygen in our atmosphere is diluted 
already with inert nitrogen, otherwise our fires would burn 
too fast, and we ourselves breathing it undiluted would live 
fast and short lives. We do not use the blow of a hammer 
or even a kick to shut our doors, so we do not want the force 
of dynamite or even gunpowder in our engine. In 100 
measures of air there are 20*81 measures of this active oxygen 
mixed with 79"19 of inactive nitrogen, and the quantity ad- 
mitted into the cylinder is so small, and the hot gas is so 
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elastic that no damage occurs either to it or the machinery. 
In the cylinder of the gas engine we must insure the perfect 
combustion of the fuel by the admission and mixing with it 
of the proper quantity of this diluted air. Then and only 
then can we utilize for work the heat stored up in the gas. 

The first practically successful gas engine was made about 
1876 by Herr Nicolaus Auguste Otto. He adopted the ** four 
stroke principle," introduced in 1862 by M. Beau de Eochas, 
which is the basis of modern gas engine practice. 

In engines constructed on the Otto principle, there is only 
one explosion in the cylinder for each two revolutions of the 
crank shaft. The cycle of movement is as follows : — 

Supposing that the engine is in motion, and the spent 
charge of last explosion having escaped. The following 
diagrams, taken from '* Machinery in Agriculture," by J. V. 
Wilson, will illustrate the movements. It will be under- 
stood that, these actions occur in rotation in one cylinder, and 
independently in each cylinder in a multicylinder engine. 
Diagram No. 1 shows the piston just after the beginning 
of the suction stroka The a*ir and gas are rushing in at the 
inlet valve A, drawn by the movement of the piston which is 
actuated by the momentum of the fly wheel on the crank 
shaft. The exhaust valve B is shut. The momentum of 
the fly wheel carries the piston to the outer end of the 
cylinder, now sends it back, and the gases are being com- 
pressed in diagram No. 2, both valves being shut. Both 
valves continuing shut, and the compressed gases having 
been ignited, in diagram No. 3 the power Stroke is being 
delivered, the piston is forced outward and new momentum is 
given to the fly wheel. The outward thrust being finished, 
the back or exhaust stroke, the inlet valve still being shut, and 
the exhaust being open, sweeps the cylinder clear of the spent 
gases. No. 4 diagram shows it in course of being delivered. 

It will be evident that in such a movement there must 
be a great want of uniformity, and excessive strain on. 
the machine in consequence of this, but this is still the 
best known and almost universally used system — ** the Otto 

cycle'*. 

22 
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Messrs. Crossley Brothers of Manchester acquired the sole 
right to use the Otto patents for the United Kingdom and 
effected many improvements in details of their engine, which 
is well known. The original Otto Patents expired in 1890, 
and since that time many manufacturers in Germany, France, 
Belgium, Switzerland, England, and the United States en- 
tered the field of production. At first the fuel used was 
the supply of the refined gas supplied by the lighting of 




A Inlet Valve, open 
B Exhaust Valve, shut. 



Both Valves shut 




A Inlet Valve, shut. 
B Exhaust Valve, open 

Fig. 66. 

towns, which was most convenient for small engines and in- 
termittent work, needing little attention and easily turned 
on and off as required. This supply of necessity was expensive, 
yet notwithstanding the use of small and moderate size engines 
was continued, but it was found to be too expensive when 
used in large engines. In 1876 a 8 h.p. engine was considered 
a large one : in 1898 the largest engine made indicated 220 h.p. 
At that period, Mr. Dugald Clerk predicted that in ten years 
hence, gas engines of 1000 h.p. would be as common as 
engines of 100 were then. This was rendered possible by 
the labours of Siemens, Dowson, Benoit, Dr. Liidwig Mond, 



Digitized by VjOOQIC 



APPENDIX D. 339 

and B. H. Thwaite. The utilization of producer gas made 
either by forcing or sucking steam through incandescent fuel, 
was the result of their labours and inventions. The last named 
contributed to the development of the large gas engine by 
applying the waste gases from blast furnaces and coke ovens 
to the work. Thus the barrier of expense was removed and 
the following specially contributed article to the " Oil and 
Colour Trades* Journar* of 12 February, 1910, shows how 
fully Clerk's prophecy has been fulfilled : — 

*' In November, 1899, the Soci^te Cockerill started a gas 
engine at Seraing of 600 h.p., and prepared designs for a 
1200 h.p., engine. From that time the size of the engines 
built has increased enormously, e.g. there were running in 
the whole world on 15 August, 1908, no less than 628 engines 
of 1000 b.h.p. and upwards. Of these there were : — 



Built in 



Germany 
Belgium . 
France . 
America . 
England . 



No. of 



No. of 
Firms. 



421 17 

33 1 

9 1 

154 5 

11 4 



Total B.H.P. 



626,700 
42,000 
16,800 

337,400 
12,400 



It is also worthy of note that the bulk of these have been 
laid down in Germany and America, and very few in England." 

This same article gives the uses of and conditions occurring 
in engines using producer or power gas as follows : — 

"Now the main use of these very large gas engines is to 
use the otherwise wasted gases from (a) coke ovens (and the 
small coke) ; 20 tons of coke produced per hour give enough 
gas to drive a 3000 b.h.p. engine ; and (6) from blast 
furnaces, where 10 tons of coke per hour give enough gas to 
generate 7500 b.h.p. These engines are used largely in 
Germany and America for driving dynamos and blast furnace 
blowers. The Maschinenf abrik-Augsburg-Niirnberg (M .A.N.) 
have in recent years built engines up to 4000 b.h.p. (See 
Journal of Iron and Steel Institute, 1909.) 
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Comparison of Various Power Gases. 
(" J.S.C.L/' 1905, p. 592.) 











Producer Gas 
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CO 


6-0 


38-0 


— 


250 


23-0 


290 


60 


27-5 


23 
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•5 


60 


— 


5-0 


50 


4-5 


1-5 


115 
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N 


20 


6-5 


30 


49-5 


58-0 


56 


20 


60-0 


54 









•5 


•5 


•5 


•5 


•5 


•5 


•5 




— 


^ 



In all cases, then, the combustibles are carbon com- 
pounds and hydrogen, and the products of oomplete combus- 
tion are COg and steam. The main differences between the 
cyhnders of gas and steam engines are therefore, (1) higher 
temperatures, and (2) the presence of oxygen (air) before and 
COg after the explosion. Steam is present in both cases. 

That the use of gas engines is likely to increase very 
largely yet may easily be seen from the following compari- 
son of costs of fuel. (V. B.' Lewes, ** Liquid and Gaseous 
Fuels," p. 287.) 





Consumption 
per B.H.P. 


Cost. 


Cost in Pence per 
B.H.P. 


Coal . 

Oil of sp. gr. -8 . 
Petrol of sp. gr. -7 
Methylated spirit 

sp. gr. -82 . 
Coal gas 
Power gas ' . 


21b. 
•4 „ 
•55 „ 

•60 „ 

16 c. ft. 

1 lb. (anthracite) 


18s. 6d. per ton 
4d. per gal. 
Is. „ 

28. „ 
2s. per 1000 c. ft. 
20s. per ton 


0-2 
0-2 
0-94 

1-75 

04 

01 



^ Gives much more tarry matter than anthracite or coke. 

2 Since much power gas is obtained from very poor coal, waste coke- 
(smaJls), blast furnace, and coke oven gases, the cost of running large engines, 
at all events, is very much less. It may also be noted that the waste gasea 
from English iron-smelting works alone would give about 1,000,000 b.h.p." 
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The temperature in the free space of the cylinder of gas 
engines owing to the combustion and highly compressed state 
of gases is very high, probably well over 1000°, and naturally 
depends on the composition of the gas-air mixture, e.g., 
D. Clerk C*Proc. Inst. C. E.," Vol. Lxix, pt. iii, p. 1; Vol. 
Lxxxv, pt. Ill, p. 1) gives the following figures for air-coal 
gas:— 



Vols, of Air per 1 
Vol. of Coal Gas. 


12 


11 


9 


7 


6 




Observed Temp, 
(calculated from 
Obsd. Press) 


1202 


1220 


1567 


1733 


1792-8 


°C. 



Clerk examined the state of a gas engine cylinder by 
means of a specially designed glass window, and found the 
combustible gases were dazzling white. 

The temperature of the walls of the cylinder are, however, 
very much lower as the cylinders are generally water jacketed, 
and hence the temperature of the outside walls of the cylinder 
cannot rise above 100° C, the temperature of the inside sur- 
face, according to Prof. Hodgkinson's measurements and cal- 
culations (** Trans, of Inst, of Civil Engineers," Vol. CLXXVi, 
1908-9, Pt. ii), probably never exceeds 200'' C. (excepting with 
badly designed jackets). The temperature of the centre piston 
surface is about 440° C. as a maximum, that of the exhaust 
valves about 400° to 500° C, and of the inlet valves about 
250° C. 

Now, the largest gas engines have both the exhaust valves 
and the piston, water cooled, water being led into the latter 
through the hollow piston rod. In all probability, therefore, 
the surface temperatures here are about 200° C. Here again 
the lubrication of the larger gas engines is, cceteris paritms, 
easier than that of smaller ones, especially if the smaller 
engines, as is usually the case, make more explosions per 
minute than the larger ones. 
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Pressures at beginning of explosion and during after burn- 
ing are shown by the curves below (Clerk, loc. cit.), which 
have been approximately smoothed. 



-ATMOS# 
100 




Fio. 67. 
The experiments were on mixtures of hydrogen and air. 



Expt. 


Vols, of Mixture. 


Time of 
Explosion. 


Max. 
Pressure. 


Hydrogen. 


Air. 


A 
B 
C 


1 
1 
2 


6 
4 
6 


•160 in. 
•026 „ 
•010 „ 


41 at. 
68 „ 
80 „ 



Sufficient has been said to show that the conditions in gas 
engine cylinders are very different to those existing in ordin- 
ary steam engines. These differences obviously need con- 
sideration in the selection of the cylinder lubricant. 

A gas engine cylinder oil should ful61 the following con- 
ditions : (a) Contain only small quantities of resinous and 
asphaltic matter (Holde test) ; (b) have a high flash-point, 
i.e., be free from lighter oils of lower boiling points, and not 
** crack" easily; (c) not evaporate easily (Archbutt or 
Eichardson test) in steam or air ; (d) be free from acid sub- 
stances, especially from sulphuric acid or sulphonic acids. 
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the latter being hydrolyzed by steam and forming free sul- 
phuric acid. Any acid, sulphuric acid in high degree and 
fatty acids from fixed oils in lower degree, will corrode any 
ordinary metals. The latter will form metallic soaps and 
tend to form very undesirable deposits in the cylinders. 

The deposits in gas and oil engine cylinders are not 
always formed from the lubricant. The following analyses 
of cylinder deposits illustrate this fact (Archbutt and Deeley, 
loc. cit., p. 477):— 



Lubricant used. 



Non-oily organic matter, chiefly carbon 
Oily and resinous matter .... 

Free sulphur 

Sulphates of iron 

Ammoniate, sulphate, etc., soluble in water 
Ash, mainly oxide of iron .... 
Water 



(1) Dark 

Russian 

Oil. 



69-8 

26-3 

•1 

1-1 

11-1 
1-6 



(2) Pale 

American 

Oil. 



58-4 

17-1 

•8 

12-7 
8-6 
2-6 



In these cases the carbonaceous matter may be due to 
incomplete combustion of gas or oil owing to deficient air. 
The sulphur is probably derived from partial combustion of 
sulphur compounds in the fuel, e.g. HoS + O = HgO + S. 
The ammonium sulphate indicates deficient scrubbing of the 
gas. The ash, chiefly ferric oxide, most likely comes from 
the action of steam on the iron parts, carried into the 
cylinder mechanically. Another curious deposit from the 
gas- valve chamber of a gas engine contained half its weight 
of free sulphur, derived from the fuel (loc. cit. p. 477). 

The question arises here. How long will a gas engine run 
without cleaning out the cylinder? This naturally depends 
firstly on the care taken in scrubbing the gas, so as to remove 
dust as completely as possible. The following instances may 
be quoted: (a) 2000 b.h.p. gas-blowing engine ran 13,639^ 
hours and stood 230^ hours over 19 months. During the 
first 16 months the stops were due to the blast furnace, and 
afiforded sufficient time for indispensable cleaning of water 
jackets, valves, and ignition apparatus. The cylinder was 
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not opened at all in 22 months, when the engine was still 
going, (b) A large English firm have many 100 h.p. engines 
now working considerably over 12 months on town gas. 
Working on producer gas (** gas pauvre "), these smaller 
engines should not require the cylinder cleaning in less than 
6 months, (c) Motor-car cylinders require cleaning every 6 
months or less, (d) Motor-cycle cylinders, where only air 
cooling is employed, are subject to much worse conditions 
than water-cooled cylinders, for the temperature is very much 
higher, and these require cleaning out about every 14 days or 
so (about every 1000 miles run). 

The cost of lubrication of gas engines is about equal to that 
of steam engines, but it is claimed that the consumption of 
lubricants on double-acting Niirnberg engines is much lower 
than that of engines with trunk pistons, or long heavy pistons 
bearing heavily on the cylinder liner. For a 1000 b.h.p. engine 
running night and day the total lubricating oil required will 
be about 40 gallons per week of seven days at prices of about 
2s. per gallon. In gas-engine cylinders the lubricant is all 
lost, but the oil supplied to the other parts may be collected, 
filtered, and used over again (usual on large plants). 

A motor-car record was shown at the last Olympia 
Exhibition in December, 1909, which was as follows : 
Car covered 20,184 miles in 348 working days in one year ; 
petrol cost £38 16s. ; lubricating oils and grease cost £4 9s. 3d. 
A Thornycroft 350 b.h.p. 8-cylinder marine engine driven by 
paraffin used 165 kilos of lubricant in three hours ( = 121 
lb. per hour) on full load at an average speed of 560 revolu- 
tions per minute. 

Another car in some reliability trials ran 1000 miles on 2 
gallons of lubricant. 

The preparation of cylinder oils to stand the conditions 
laid down above requires care. The chief points to be aimed 
at are (1) to get uniform fractions in the distillates, (2) to re- 
move tarry matter, and (3) to avoid cracking, which means 
loss of oil and needless refractionation. 

These are attained by various devices. Leaving out of 
account the methods so fully described in Sir Boverton Red- 
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•wood's book on " Petroleum," Vol. I, a few recent methods 
may be quoted which have actually stood the test of practice. 
G. H. Bradford's (U.S. patent No. 805,116 of 1905) 
Apparatus is shown in the annexed diagram (Fig. 68) taken 
ifrom the patent specification. 
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Fig. 68. 

The oils worked thus are **Californian with asphaltic 
basis *\ It is claimed that the distillates are very free from 
Asphaltic matter. 

LUBEICATION OF ENGINES USING PeODUCER OR PoWER 

Gas. 

Action of the Products of Combustion, etc, on the Lubricants. 

Mineral oils consist of mixtures of hydrocarbons belonging 
to the paraffin CnH2n+2 olefine CnHgn, and naphthene series, 
which form the main constituents of American, shale, and 
Eussian oil» respectively. Steam has no appreciable action 
on any of these. The action of CO or CO2, as far as the 
writer is aware, has not been investigated, but a priori is likely 
ito be negligible. 
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Oxygen of the air will certainly tend to bum any lubricant, 
whatever, but as only lubricants of high boiling-points are- 
used, and the gas will use up most of the oxygen, the loss on 
this account must be small. The effect of the high tempera- 
ture is much more serious, although the jacketing of the- 
cylinder and the water cooling of the pistons in large engines 
will keep this action down. It is, in fact, dubious whether 
the combustion proceeds completely to the lubricant on the- 
walls, owing to the low temperature there. 

A probable cause of loss of lubricant is spraying, due to- 
shock of explosion and mechanical expulsion of spray from 
exhaust. This spray will also be burnt. 

The experiments of Eichardson and Hansen (** J. Soc- 
Chem. Ind.," 1905, p. 315) throw some light on the action of 
steam on ordinary cylinder oil lubricants. These workers 
passed steam at 210° Fahr. and 400° Fahr. over about 10' 
grammes of oil in a shallow tin-lined tray. The experiments 
at 212° showed no marked differences in the oils, but at 400*" 
Fahr. a mixture of 3 parts mineral and 1 part fatty oil after 
six hours' exposure to steam had increased in viscosity about- 
62 per cent. This oil was condemned as unsatisfactory.. 
Others which passed as satisfactory were as follows : — 



22-4 


12-1 


12-9 


77-6 


87-9 


87-1 


3J:1 


7^:1 


7:1 


24*6 


30-8 


24-6 



Per cent fatty .... 

„ mineral oil ... 

Batio 

Per cent increase in viscosity 

Further experiments up to temperatures of say 600° Fahr^ 
or higher would be of great value. The determination of the 
viscosity of the unused oils is of little value in indicating how^ 
the oils will behave in steam at high temperatures. 

Archbutt (Archbutt and Deeley, ''Lubrication and Lubri- 
cants,'' p. 191) passes a current of hot air or steam over the 
oil at a temperature of 370° Fahr., and finds the loss in 
weight. This method indicates how much fractfonal evapor- 
ation the oil is likely to undergo, since the best grades of 
cylinder oils only lose a very small percentage in either air or- 
.steam, e.g. — 
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Density 
at 60° F. 


Flash-Point, 
Pensky- 
Martens. 


Loss in Weight in 
One Hour at 370° F. 


In Air 
2 Litres 
per Min. 


In Steam 

100 C.C. of 

HgO per 

Hour. 


American cylinder oil 
»» »» »i 
>» >» »» 
„ machine oil 

Russian „ ,, 


•902 
•898 
•893 
•897 
•909 


586° F. 
612° „ 
424° „ 
402° „ 
. 380° „ 


•12 

•65 

4-18 

16- 6 

14- 5 


•61 

17-8 
16-3 



These determinations show that the loss is almost the 
same when equal volumes of steam and air are passed over 
the oil at the same temperature. The oil, especially if poorly 
fractionated or containing appreciable quantities of resinous 
or asphaltic matter, may leave a sticky residue of very low 
lubricating value. 

It may be emphasized here, (1) that high viscosity is by 
no means synonymous with good lubricating quality or 
"greasiness" (Veitch Wilson); (2) that the viscosity of all 
mineral oils is enormously less at high temperatures than at 
ordinary temperatures, and that at high temperatures all 
mineral oils have very nearly the same viscosities. This 
probably accounts for an observation made to the writer 
anent a group of large gas engines (over 1000 b.h.p. each), 
that the use of very heavy mineral oil had been abandoned, 
and a lighter mineral oil used with advantage. The American 
practice is to use pale "neutral " mineral oils of high flash- 
point, fire test, and viscosity, prepared mainly, if not exclu- 
sively, from Pennsylvanian oils. 

Holde, as the result of many experiments (see Archbutt 
and Deeley or Holde's books), attributes the tendency of 
mineral oils to **gum," or form sticky resinous deposits, to 
evaporation of the fluid constituents of the oil, and accumula- 
tion of resinous or asphaltic matter contained in small quan- 
tities in all oils, e.g. : Eesins soluble in 70 per cent alcohol 
pale oils, less than -6 per cent ; dark oils, less than 1 per cent ; 
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poor oils, to 35 per cent. Asphalt insoluble in petroleum 
spirit — best, American and Eussian oils ; worst, German oils, 
5 to 6 per cent. 

Another type of apparatus is the Austrian patent of J. 
Fischer, for which is claimed very sharp separation into 
fractions, e.g. the light benzines are sharply separated from 
the burning oils. Hence the benzines or naphthas are not 
contaminated by heavy oils or vice versa, and the intermedi- 
ate fractions are lessened. The patentee claims 10 per cent 
more burning oil, and that no re-distillation of benzine is 
necessary. 

The apparatus is constructed entirely of iron in small 
sections, easily fitted together, and opened easily for cleaning. 
The diagram (Fig. 69) shows the enormous cooling surface 
used : the patentee claims 25 to 30 per cent less cooling water 
necessary. 

It also shows the arrangement of the apparatus. The 





Fm. m. 



hot gases generated as usual from the combustion of petrol- 
eum residues burn in the firebrick cylinder, and flow through 
the iron work of the still in the opposite direction to the oil. 
The vapours generated pass into the domes of the stills, 
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thence into the fractionating apparatus. The heavy oils con- 
dense first, and are drawn off from the bottom of the condens- 
ing units and led into coolers and thence to storage. 

Figure 70 shows 
adaptation of con- 
denser and cooler 
to an ordinary hori- 
zontal cylindrical 
still. 

The Galizische 
Karpathen Co. dis- 
til their lubricating 
oils in a partial 
vacuum with su- 
perheated steam to 
avoid cracking. 

Seidenschnur 
(British patent 
10,892 of 19 May, 
1908) distils petro- 
leum in a high 
vacuum at 380° to 
400° C, and passes 
distillate into three 
condensers in series 
which are jacketed 
and kept at (a) 270° 
to 300° C, (b) 180° 
to 200° C, (c) 140° 
to 160° C. He 
claims that the 
cylinder oils from 
first condenser con- 
tain so little asphal- 
tic matter that they 
do not require re- 
fining. . The loss is 
said to be only 1 to 2 per cent instead of about 6 per cent. 
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The still is very shallow to avoid re-condensation, and super- 
heated steam at 450° to 500° C. is used in the ratio of about 
one of steam to three of oil. 

Silbermann (German patent 180,876 of 1907) claims it an 
automatic fraction regulator. An aerometer which makes or 
breaks an electric circuit opens one valve and shuts another 
simultaneously, thus leading the distillate to its proper stor- 
age if the density passes the desired limit. 

That fall in viscosity and probably in lubricating quality 



/:^- 




is lessened by the use of steam is clearly shown by experi- 
ments carried out at the Wyoming University School of 
Mines. Various mineral oils were distilled with or without 
a steam current. In every case the former showed, much 
greater viscosity and a much greater yield of lubricating oil, 
clearly indicating that ** cracking" is far greater without 
steam than with it. These experiments were on a semi-large 
scale, using Salt Creek, Wyoming, crude oil of density 
0-9095 :— 
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Density of Distillate. 


Percentage of Distillate. 








Without Steam. 


With Steam. 


•760 to -800 


4^84 


_ 


•800 „ ^826 


1-71 


— 


•826 „ •860 


308 


10^28 


•860 „ -876 


2^78 


12-69 


•875 „ -900 


6119 


84-67 


•900 „ ^926 


22^94 


29^98 


Over -925 


4-96 


12^68 







Relative Viscosity. 








Density. 






Flash 
Point. 


Cold Test 

OC. 










20° C. 


50° C. 






With steam 


•901 


10-20 




180 


1 


No steam 


•902 


7^71 


— 


146 


6 


With ateam 


•904 


17^34 





189 


3 


No steam 


•9036 


11^71 





164 


8 


With steam 


•910 


25^79 





>204 


10 


No steam 


•910 


1636 


— 


162 


16 


With steam 


•9283 


— 


11-37 


>204 


14 


No steam 


•9285 


— 


4-38 


156 


22 



The effect of distilling in vacuo is also marked, 
average density of the oil was : — 



The 



Distilled at 


Density. 


Density rises until 


Ordinary pressure . 
83 mms. (=^ atmos.) 


•870 

•888 


46 per cent over. 
86 „ 



The viscosity, flash-point, etc., as given in the tables 
show that distillation without steam greatly lessens the 
yield of heavy oils, lowers the flash-point of the fractions, 
and lowers the cold test, or, what is the same thing, lessens 
the amount of solid parafi&n in the higher fractions. 

Other engines, from about 100 to 400 b.h.p., are also 
lubricated by machine-driven lubricators with sight feed, 
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generally with single feed. Smaller engines, of 10 to 50 
b.h.p., use ordinary gravity sight feed lubricators with single 
feed. Motor-car engine cylinders almost invariably have 
pump feed. (See ** Automotor" for 1908.) For motor-cycle 
engines the usual practice seems to be to pump in small doses, 
every few miles. 








Fig. 72.— Diagram showing Method op Lubricating Supply in Largest (M.A.N^) 

Gas Engines. 

In spite of the large amount of somewhat desultory work 
done on the physical and chemical testing of lubricants, it 
must be admitted that these tests will not guarantee the 
behaviour of a given oil in the cylinder. 

Professor Hele-Shaw wrote in July, 1903 : ** The ordin- 
ary testing machines which serve in a more or less satis- 
factory way to make mechanical tests of ordinary lubricating 
oils are absolutely worthless when dealing with a cylinder 
lubricant, and neither chemical analysis, physical tests, . . . 
nor mechanical experiments can be really considered con- 
clusive as a test of the value of a cylinder oil. Chemical 
analysis, however, . . . enables us to form some opinion as 
• to the cause of this, for it reveals the complicated structure 
of lubricating oils, and the great dififerences which may exist 
between oils which have the same colour, viscosity, and 
general appearance. These remarks appHed a few years 
ago, before the present large use of superheated steam and 
internal combustion engines ; they apply with greater force 
to-day.*' 
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The work of Mabery and his colleagues must, therefore, 
be welcomed as a new departure. He has devoted years of 
labour to the isolation of the individual hydrocarbons con- 
tained in the heavier portions of petroleums, and carefully 
studied their physical properties and their ** life *' or ** lasting 
power '* as efficient lubricants under similar conditions. The 
following figures are selected from some of Mabery's papers 
(see '* J. of Soc. of Chem. Ind/' 1902, 1904, etc.):— 



Hydrocarbon. 


B. Point. 


At Mras. 
Pressure. 


Density. 


Specific Visco- 
sity at 20^* C. 
(Water =1) 


C„H, . . 


126 


760 


•735 


•60 


Cio"22 • 


174 to 5 


760 


•753 


•96 


^la^ae • 


212 „ 4 


760 


•769 


1-49 


CifiHsi. 


158 „ 9 


50 


•793 


2-79 


C„H84 . . 


174 „ 6 


60 


•793 


3^36 


ClsHgg . 


199 „ 200 


60 


•813 


5-97 



This table shows very clearly the rapid increase in viscosity 
as the boiling-point, density, and complexity of the hydrocar- 
bons increase. More remarkable is the fact that the less 
hydrogenated hydrocarbons of the CnH^^n, etc., series are much 
more viscous than those of the paraffin series, e.g. : — 





B. Poi»>r. 


CnH;n-2 
CnH2n'^9 
CnH, 


294 to 6 
294 „ 6 
274 „ 6 
274 „ 6 



Density. 



•781 
•841 
•775 
•836 



Specific Viscosity. 
at 60° C. 



10-88 

21-23 

8-51 

16-63 



Mabery agrees with Mills (see " Destructive Distillation,** 
4th edition, p. 34) that the lubricating power of the paraffins 
is far less than that of the less hydrogenated hydrocarbons. 
The series CnHan and CnH.^n-2 a-re probably cyclic, i.e. nap- 
thenes, and therefore markedly different in properties to the 
CnH2n 1-2 01' aliphatic series. The following table shows the 

23 
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influence of removing and adding solid paraffin of the same 
boiling-point as the fluid oil ; — 



Hydrocarbon. 


B. Pt. at 

50 mms. 


Density. 


Specifio 
Viscosity 
at 20° C. 


(a) Pennsylvania distillate C„H2n-2 
filtered ....... 

(b) Same, cooled to - 10° C. and 
filtered 

(c) Same, +2-35 per cent of solid CnHan+a 

(d) Pennsylvania distillate C„H2„ 
cooled to - 10° C. and filtered 

(e) Same, +2-5 per cent solid CnHgnQ+a 


312 to 4 

312 „ 4 
312 „ 4 

276 „ 8 
276 „ 8 


'868 

•860 
•868 

•861 
-860 


87-42 

88 16 
82-30 

37-67 
36-39 



That is, removal of sohd paraffin raises viscosity, and vice 
versa. Further, for approximately the same density the 
CnH2n-2 oil ha-s more than twice the viscosity of the CnH2n 
oil from the same source. 

An exact comparison of oils from different sources is im- 
possible, because if we take the oils of the same density they 
differ in boiling point, and vice versa. Mabery's experiments 
on the wearing power of the hydrocarbons tested the rise of 
temperature, viscosity, and "life" after stopping the supply 
of lubricant on a mechanical tester of ordinary type, gave the 
following results : — 











^ • 


Temperature of 


Hydrocarbon 
of Series. 


B. Pt. at 
Pressure 
in mms. 


Den- 
sity. 


Specific 

Viscosity 

at°C. 




Bearing at 
















P 


Start. 


2hrs. 


"Break." 


CnHan 


276 


60 


•861 


37-57 


20° 


120 


76° 


107° 


124° 


CnHgng-Q 


313 


50 


868 


88-16 


20 


150 


80 


130 


185 


CnH2n_4 


229 


30 


•923 


94-30 


20 


210 


76 


113 


164 


Castor 






•97 


104 


210 


130 


70 


165 


225 


Sperm 








•94 


194 


90 


140 


70 


120 


169 


Rape . 


— 


— 


•91 


108 


160 


120 


80 


160 


230 


Compd. cylr. 





— 


92 


123 


212 


175 


SO 


180 


210 


>» »> 


— 


— 


•89 


135 


218 


200 


80 


185 


225 
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Start. 


After 2 hrs. 


" Break." 


GtMsn 


•02 


•01 


•015 


CnHan-, 


•01 


•02 


•02 


C,iH2n-4 


•03 


•01 


•01 


Castor . 


•04 


•026 


•03 


Sperm . 


•02 


•01 


•01 


Rape 


•03 


•02 


•05 


Compound oil 


•05 


•03 


06 


»> >» 


•07 


•03 


•06 



These tables show clearly that the life of the mineral oils 
increases as the hydrogen content falls, and also that the 
viscosity of the fixed oils and compound oils increases very 
rapidly as they are subjected to work. The only ** oil *' which 
compares with the mineral is sperm ** oil," which is really 
a wax, and has a composition quite different from the fixed 
oils. 

From Mabery's work it would appear that the viscosity 
is mainly, and the **life" in lesser degree, dependent upon 
the percentage of hydrocarbons other than those of the paraf- 
fin series, and especially on the less hydrogenated series, 
probably of cycHc constitution. Unfortunately no simple 
method is known of testing an oil for this important factor. 
A curious piece of evidence bearing on this comes from the 
paraffin scale sweating industry. The fluid oils sweated out 
of the ** wax '* are absolutely valueless as lubricants, although 
they might be expected to be of great viscosity. 

Other Beferences. K. Charitschkow, Chemiker Zeitung, 
1904, Eep., p. 392. Attempts to get lubricants from " Mazut " 
Chemische Eevue Tiber die Fett u. Harzindustrie, 1909, p. 197. 
Oil tester for high temperatures. Friction surfaces may be 
heated and steamed admixed with oil. D. Clerk, "The Gas, 
Petrol, and Oil Engine,*' Vol. I, pub. 1909, by Longmans & 
Co. (new edition). 
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Internal Explosion Engines. 

Oil Engines. For the description of the oil engine, 
the reviser again adopts Mr. J. V. Wilson's words as 
follows : — 

" The oil engine, as far as its leading members, the 
method of utilizing energy in the production of power and 
the cycle of its operations are concerned, corresponds with 
the Otto gas engine which we have already fully described. 
It differs from the gas engine in respect that, while the gas 
engine is dependent upon an extraneous source for the supply 
of fuel, the oil engine makes its own gas as it requires it. 

"As it will thus be seen that the oil engine not only 
performs the function of a motor but produces for itself the 
gas or oil vapour from which it derives its energy it follows 
that, in addition to the members properly pertaining to an 
engine, it must possess some appliance which takes the place 
of the retort or the generator in which gas is produced from 
coal. 

'' Hornsby Oil Engine, . The part in this engine, in which 
the combustible gas is produced for use in the cylinder, is 
called the vaporizer, and takes the form of a small iron 
chamber or retort, fitted with internal radiating ribs, which 
is attached to and communicates with the rear end of the 
engine cylinder. The resemblance to a gas retort is further 
exemplified by the operation of the vaporizer which is main- 
tained at a high temperature and instantly volatilizes the 
small quantity of oil which is injected, immediately before 
each suction stroke of the engine, by a small force pump 
driven by the engine itself. In the majority of oil engines 
the vaporizer is continuously heated by a blast or pressure 
lamp, but in a few engines, notably the Hornsby-Ackroyd, 
which we select for illustration (Fig. 11, p. 37^), the va- 
porizer is heated to a dull red heat by a coil lamp which is 
applied during a period of from seven to ten minutes accord- 
ing to the size of the engine. The lamp is then withdrawn 
as, by the heat generated by the successive explosions, the 

1 " Mfibchinery in Agriculture," J. V. Wilson. 
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walls of the vaporizing chamber attain and maintain a tem- 
perature of about 1300° to 1500° Fahr. while the ignition of 
the charge is effected by the compression stroke of the en- 
gine which forces a volume of air, equal to the capacity of 
the cylinder, with its proportion of oxygen into the vaporizer 
where it combines with the hydrocarbon oil vapour and 
spontaneously ignites without the use of a hot tube, flame, or 
electric spark. 

" As the economical and efl&cient operation of the engine 
depends largely upon the accurate adjustment of the quantity 
of oil consumed, and the number of explosions, to the work 
performed, the engine is fitted with a centrifugal governor 
which, when the speed exceeds normal, opens a bye-pass 
valve on the oil pipe and causes the pump to return the 
charge to the oil tank in the bed of the engine instead of de- 
livering it to the vaporizing chamber. 

** As perfect combustion is secured by this system and as, 
moreover, the combustion takes place in the vaporizer 
instead of in the cylinder, the result is that no deposits are 
formed either in the vaporizer or in the cylinder, and the 
troubles arising from this source are avoided even although 
oils of abnormally heavy gravity may be used." 

This last-named fact forms almost absolute proof that the 
oily carbonaceous sediment which interferes with the free 
working of gas and petrol engines referred to elsewhere, has 
nothing to do with the cylinder lubricant. 
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MOTOR GREASES.i 

The recent developments in motor traction and the continued 
increase in the use of power for all kinds of manufacturing 
processes have made the subject of lubricants one of special 
and increasing importance ; and in no class has this change 
caused such development and improvement as in that of 
sohd lubricants, in spite of attempts made to oust them by 
means of petroleum and compound oils. Probably, of solid 
lubricants and greases of good quality and suitable for use 
in motor bearings, soda greases at present form the largest 
proportion of those used in this country ; two reasons for this 
preponderance being the comparative ease of producing them 
as compared with the manufacture of lime or boiled greases, 
and also their high melting point. 

Soda greases may be described as petroleum rendered 
solid or semi-solid by the addition of soap, the product being 
more or less satisfactory in proportion as the soap approaches 
in composition to sodium stearate ; to obtain this result the 
necessary ingredients are petroleum, hard stearine, caustic 
soda, and water. The goal to be aimed at is the attaining of 
the desired consistency with a minimum quantity of stearine 
and a maximum quantity of petroleum. Other things being 
equal, it is better to make use of Eussian than American oil, 
as a given quantity of soap will render solid a larger quantity 
of the former than of the latter ; for instance, a grease made 
with 900/7 American oil, and having the same consistency as 
one made with a similar Eussian oil, requires 15 per cent of 
stearine, while the latter needs only 12^ per cent. Some 

1 Reprinted from "The Oil and Colour Trades' Journal ". 
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explanation of this may be seen in the following table of 
viscosities : — 

Viscosity At 

Spec. grav. at 70° F. 120° F. 

American 900/7 -900 104 32 

,,870 -883 52 20 

Russian No. 1 -905 310 60 

„ No. 2 . . . . . -890 . 95 28 

Of stearines the hardest is the best for this purpose, as the 
soda soaps of the liquid glycerides, such as rape or cotton seed 
oil soaps, have little power of thickening petroleum. The 
best commercial stearine has a melting point of about 130° 
Fahr., and a grease made with this and containing 11 per 
cent of it has a consistency equal to that of a grease con- 
taining 15 per cent of ** 110° stearine ". 

The last of the ingredients, caustic soda, is best used as a 
solution containing about 41 per cent of sodium hydrate, 
which has a specific gravity of 1*460 or 90° Twaddell ; in cold 
weather this solution may solidify, and require heating before 
use. 

The plant necessary for the manufacture of soda greases 
consists of a vessel in which the stearine can be melted and 
mixed with petroleum, and another in which this mixture can 
be added to the caustic and vigorously stirred. 

The accompanying figure shows a suitable arrangement 
of the plant. A is a tank having a steam bottom, by means 
of which the stearine can be melted and the mixture of stear- 
ine and petroleum kept liquid ; a pipe leads from it to the 
mixing pan B, which, if duplicated as shown, permits the 
process to be continuous. The mixers, if of about 4 feet in dia- 
meter, should be driven at 100 to 150 revolutions per minute, 
the detachable cover should be securely fastened down, and 
for outlet should have a syrup tap of about 8 inches diameter. 
The mixing pans should be raised above the floor as shown 
in the figure, in order that barrels may be placed beneath for 
fining, and if the melting pan passes through the floor above, 
the filling of it will be rendered more easy. 

A weighed quantity of stearine is put into the melting pan, 
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and wanned until liquid, when three times its weight of 
petroleum is added, the whole being kept at a temperature 
just high enough to keep the mixture liquid. The proper 
quantity of caustic is then poured into the mixing pan, the 
agitators are started, and the equivalent amount of stearine 
is slowly run in from the pan above. After thorough mixing 
the contents of the pan should be stiff and have the appear- 
ance of butter ; there should be no lumps, and no trace of free 




plant for making soda-grkases. 
Fig. 73. 

caustic. To make sure of this last point, a small quantity of 
the grease of the size of a pea should be shaken up with 
about 10 c.c. of benzine in a test tube, a few drops of a 1 per 
cent solution of phenol phthalein in ether and alcohol added 
and shaken ; a red coloration indicates the presence of frae 
caustic, in which case more stearine mixture must be added 
and mixed, until a further test shows the absence of caustic. 
Some makers test for caustic by tasting the grease with the 
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tip of the tongue, but this method is very unreliable, (if the 
caustic be added to the stearine, lumps are formed which can- 
not be removed, very much more mixing is required, and 
l^oth uncombined stearine and free caustic are usually to be 
found in the product. The whole of the stearine having been 
^added, the mixing is continued and a further quantity of cold 
petroleum added, until the desired consistency is obtained. 

The addition of oil at this stage of the operations imparts 
a brilliancy and gloss to the grease which cannot be obtained 
if the whole of the oil is added to the stearine before mixing 
with the caustic ; and the appearance is further improved by 
•carrying out the whole process at as low a temperature as 
possible. Whatever the consistency of grease required, it is 
best to start with the same stearme mixture, the additional 
petroleum being added later, for not only is the appearance 
improved thereby, but the sources of error are reduced, as 
the safne quantities of stearine mixture and caustic may be 
used for each batch, and an error is much less hkely than 
when the quantities are constantly varied. 

The stearine solution may be measured either with a 
:gauge in the melting pan, or by means of a hole of about half 
an inch diameter in the side of the mixing pan at the height 
to which it is usually filled, the hole being stopped with a 
plug when the mixer is running. A suitable mixture of 
stearine and petroleum is — 

Stearine 1 

Petroleum (900/7) 3 by weight 

The proportion of caustic is about : — 

Causiic soda (90° T.) . 1 

Stearine mixture 12 

And for a medium motor grease the composition is : — 

Stearine 15 per cent. 

Petroleum (900/7) 80 „ 

Caustic soda 5 „ 

This is, of course, obtained by using the proportions: — 

C!austic 1 

Stearine mixture 12 

Petroleum (900/7) 7 
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For stifif and soft motor greases the formuIsB are : — 

stiff. Soft. 
Per cent. Per cent. 

Stearine . 21 lOJ 

900/7 Petroleum . . * 72 86 

Caustic soda 7 3^ 

If a brighter yellow colour is desired, it can be obtained 
by adding 1 per cent (of the grease) of palm oil to a portion 
of the petroleum used in finishing the grease, while the 
addition of 1 to 2 per cent of water, either to this petroleum 
or to the caustic before mixing, will make the grease less 
transparent Cheaper greases are frequently made by adding 
barytes or china clay, or a mixture of both. These are, of 
course, merely adulterants, and in no sense lubricants, but are 
often found to the extent of 25 per cent of the grease. 

Boiled Motor Greases. 

In addition to the greases described in a former article 
there are others used in large quantities in which the solidify- 




Fig. 74. 



ing base is lime instead of soda, and these, on account of their 
method of production, are frequently known as boiled greases. 
In composition these lubricants differ from the previously 
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described soda greases, chiefly in that the petroleum, of which 
both contain an equally large proportion, is solidified or 
partially solidified by a calcium or lime soap in the one case 
and by a soda soap in the other, but although the fixed oils or 
fats used in the one method will usually produce a grease if 
the other process be employed, the result is not satisfactory, 
either in quality, or in cost of production, pleasing neither 
consumer nor manufacturer. The percentage composition of 
a mixture of oleic and stearic acids may be found by calcula- 
tion, after ascertaining the iodine absorption number, or from 
the following table, according to Mangold : — 



Iodine Number. 


Per cent Stearic. 


Per cent Oleic. 





100 





10 


89 


11 


20 


78 


22 


30 


67 


33 


40 


56 


44 


50 


45 


55 


60 


34 


66 


70 


22 


78 


80 


11 


89 


90 





100 



Or the percentage of stearine in a commercial sample may 
be estimated from its melting point by means of the following 
table : — 

Melting Point. Percentage Stearine. 

38° C. 100° F. 43 

40 104 49 

42 108 55 

44 111 62 

46 115 70 

48 118 17 

50 122 89 

52 126 100 

Knowing the composition of the ingredients it is desired 
to use, the necessary proportions are easily obtained ; for ex- 
ample, it may 'be desired to use a rape oil which may be 
assumed to contain no stearine, and a stearine of 110° Fahr. 
melting point; from the above table the latter is found to 
contain 66 per cent of stearine of melting point 52° C, and 
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therefore if it be mixed with an equal weight of the rape oil the 
mixture will closely approximate in composition to that de- 
sired ; or if it be more convenient to use olein and a horse oil, 
the fatty acids of which have an iodine absorption number 
of 42, and a stearine content of about 50 per cent, the pro- 
portions used should be about 7 parts of horse oil and 3 of olein. 
The most suitable soap base being settled, and the remarks 
on the most appropriate petroleum for soda greases being 
equally applicable to lime greases, there remains of the in- 
gredients only the lime to be considered. This should con- 
sist as nearly as possible of pure calcium oxide, and therefore 
the best material to use is freshly burnt Buxton lime. 

The plant necessary for the production of boiled greases 
consists of a steam-jacketed kettle, fitted with a stirring 
apparatus, a means of melting fats and heating petroleum, 
preferably a tank with a steam coil or steam bottom, and a 
mixer such as was described in the article on soda greases ; 
or, if the output does not warrant so extensive a plant, the 
kettle and mixer may be combined by providing the latter 
with a jacket by means of which it may be either heated by 
steam or cooled by means of water, the plant then being simi- 
lar to that shown in the figure. 

The process of manufacture is as follows: The proper 
quantity of stearine and olein is put into the tank A and 
melted, the requisite amount of quicklime being at the same 
time placed in the kettle B, with about seven times its weight 
of water ; the steam should be turned on, when the lime on 
slaking will form a thin cream quite free from lumps or grit. 
The melted fats are now pumped from A to B, the stirrer 
being first started and heating continued, then petroleum 
equal to twice the weight of stearine and olein is put in the 
tank A, heat being applied until a temperature of 150° Pahr. 
is reached ; meanwhile, the mixture in the kettle should have 
begun to froth ; the temperature is kept at about 350° Fahr. 
until the frothing ceases, then the steam is 'shut off and the 
hot petroleum from the tank A pumped into the hot lime 
soap, efl&cient mixing being maintained. Then a further 
quantity of cold petroleum of the same weight as the fat and 
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oils is added, and water passed through the jacket to further 
cool the contents of the vessel. The substances in the kettle 
are now clear and transparent, and of a light brown colour ; 
and it is at this stage that the final appearance of the finished 
grease must be decided. It may be either transparent and 
have the appearance of vaseline, or opaque and resemble 
butter, the difference being determined by the absence or pre- 
sence of about 1 per cent of water, which may now be added - 
and well stirred into the mixture. The nearly finished grease 
is allowed to thoroughly cool, before the remainder of the 
petroleum is added to it, cold, in order to impart brilliancy 
and a good appearance. This petroleum being well incor- 
porated with the remainder of the grease, the latter being 
finished may be now run out through the outlet beneath the 
kettle into packages. 

A medium grease is obtained by using 100 parts by 
weight of stearine and olein to 11 of lime, creamed with 
about 75 of water, adding 450 parts of petroleum ('900/7) in 
the various quantities and manner described above, with 5 
of water stirred into the cold mixture. This grease contains, 
about 17i per cent of fats. 

The percentage composition of boiled greases, made as. 
here described, should be about as follows : — 





Fat. 


•900/7 Petroleum. 


Lime. 


Water. 


stiff . 


22 


74i 


2} 


1 


Medium 


. 17J 


79} 


2 


1 


Soft . 


13 


84i 


IJ 


1 



The grease, when finished, should be quite free from grit,, 
and to ensure this the lime must contain no sand or stone ; 
or if it does the mixture of slaked lime and water must be 
rubbed through a sieve. 

Thick Motor* Greases. 

The development of motor traction and the continual ex- 
tension of motive power to all kinds of industries have made 
the study of lubricants an increasingly important one. Specie 
ally important are the thick motor greases used for parts of 
the machines exposed to great friction. There are many 
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formulae and processes for these, but the best results are ob- 
tained with a basis of petroleum and soap. The prime ma- 
terials are, therefore, stearine, petroleum, caustic soda, and 
water. 

Naturally, for economic reasons, the proportion of stearine 
should be reduced as far as possible, while the petroleum 
should be increased, so long as the right consistency is secured. 
It is preferable to use Eussian petroleum, which has a higher 
viscosity than American, as the following table indicates : — 

Specific Viscosity. 
Gravity. At 21° C. At 49° C. 

American petroleum, A 0-900 104 32 

B . . . . . 0-883 62 liO 

Russian petroleum, I. . . . . . 0-906 310 60 

„ II 0-890 96 28 

A given quantity of soap will render solid a greater 
quantity of Eussian than of American oil ; thus, for instance, 
the American petroleum A would require 15 per cent of 
stearine, while a similar Eussian oil would need only 121 per 
cent to give a gregfee of the same consistency. The stearine 
should have a high melting point ; a grease containing 11 per 
cent of stearine melting at 55° 0. has the same consistency as 
one with 15 per cent of stearine melting at 43*8° C, The 
caustic soda should be used in the form of a strong solution 
containing about 41 per cent of sodium hydrate (sp.gr. 
1'45 or about 45° Beaume). 

The plant consists of two receivers : the first, which we 
may call A, should be steam- jacketed, and is used for melting 
the stearine and incorporating part of the petroleum ; the 
second B, should contain a very efficient mechanical stirrer. 
In B is placed first the soda-lye and then, gradually, the 
mixture of stearine and petroleum. Good mechanical agita- 
tion is indispensable, as the quality of the product depends 
on efficient stirring. Eeceiver A may conveniently be placed 
above B, so that the fused mixture flows directly into the 
latter. The actual manufacture is conducted as follows : — 

A quantity of stearine is melted, and to it is added three 
times its weight of petroleum, and the mixture is kept just 
liquid. Next the proper quantity of soda-lye is placed in the 
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receiver B, the agitator is set going, and the mixture of stearine 
and petroleum is slowly run in. At the end of the operation 
the grease ought to be homogeneous, free from clots and with- 
out a trace of free caustic soda. To make sure of the absence 
of the latter, a little of the grease is taken and dissolved in 
benzine, to the solution a drop of an alcoholic solution of 
phenol phthalein is added, when a pink colour will show itself 
if free alkali is present. In this case a little more of the 
stearine and petroleum mixture must be added, and the stir- 
ring continued. Finally, still stirring, petroleum is added till 
the desired consistency is reached. The whole operation 
ought to be conducted at as low a temperature as possible. 

The following are the proportions of the ingredients : — 

For the stearine and petroleum mixture, take 1 part by 
weight of stearine to 3 parts of petroleum (sp. gr. 0*900). 
Of this mixture 12 parts are mixed with 1 part of soda-lye 
of 45° Beaume. 

The following is the composition of a grease of medium 
consistency : — 

Stearine, 1 part ; petroleum, 80 parts ; soda-lye, 5 parts : it 
may be obtained by using 12 parts of the stearine and petroleum 
mixture, 1 part of soda-lye of 45"^ Beaume, and 7 parts of 
petroleum (sp. gr., 0*900). 

A hard grease is prepared from 21 parts of stearine, 72 
parts of petroleum, and 7 parts of soda-lye. 

If a yellow grease is desired, 1 per cent (calculated on the 
total quantity of grease) of palm oil is added to the petroleum 
used. 

If it is wished to reduce the transparency of the grease, 
1 or 2 per cent of water is added to the last part of the 
petroleum used. 
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THE LUBRICATION OF ELECTRICAL BRUSHES.^ 

At a meeting of the Glasgow Section of the Institution of 
Electrical Engineers, a paper was read by Professor F. G. 
Baily on ** Some Phenomena of Commutation*'. In the 
course of the paper reference was made to experiments in re- 
gard to lubricating brushes. The Professor said that it was. 
a common practice to use some lubricant on the commutator 
of the dynamo, and this lubricant generally contained hard 
parafl&n wax as the basis. To examine what influence the 
lubricating film exerts on the electro-motive force, a set of 
readings was taken with the same brushes and holders, but 
lubricating the drum with paraffin wax. It was not so easy 
to ensure uniformity of lubrication as uniformity of cleanli- 
ness, particularly with a solid or pasty lubricant. When first 
put on, the lubricant causes sparking and a rise in the electro^ 
motive force, and a consistent condition is obtained only after 
the wax has become softened and uniformly spread. There- 
fore continuous application was not possible, and some vari- 
ations were inevitable in the quantity of lubricant on the 
surface. This made less difference to the electro-motive force 
than to the friction. The temperature of the surface affected 
the viscosity of the wax, and on a cold surface the effect was. 
not satisfactory. This, however, was not likely to occur in 
practice, and in the tests the drum and brushes were warmed 
up by a large current of electricity before readings were 
taken. 

A complete series was taken at a commutator speed of 
:2300 ft. per minute, and it will be seen that the lubricant has 

^ Reprinted from " The Oil and Colour Trades' Journal". 
(368) 
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produced very little change in either the shape or the value 
of the curve, until the pressure of the brush is reduced to 18 
oz. Below 12 oz. the readings were irregular, and the electro- 
motive force rose rapidly, showing that there was imperfect 
contact. The speed exerts considerable influence on the 
electro- motive force. Even at a pressure of 42 oz. there was 
a continuous change between 1200 ft. per minute and 3300. 
At 1200 the electro-motive force was exceptionally low, 
whereas at 3800 the value is nearly doubled. Two special 
commutator lubricants were also apphed, one a mixture of 
parafl&n and graphite, the other apparently consisting of 
powdered paraffin with a little soapstone, coloured and 
scented with unimportant constituents. The results were 
much the same as those obtained with paraffin wax alone 
though it is possible that with an ungraphitized brush the 
addition of graphite in the lubricant may be beneficial. 
Several liquid lubricators were tried, applied continuously by 
a pad against the drum. Among them were light engine oil, 
paraffin oil, and toluol. None were advantageous. The 
thinner lubricants somewhat increased the electro-motive 
force, and made little difference to the friction, while the engine 
oil rapidly clogged and increased the electro-motive force con- 
siderably. 

The results of the tests with paraffin wax are remarkable, 
and were certainly not expected by the authors. The curve 
at 1200 ft. per minute is the mean of six sets, all agreeing 
closely, and the values are as low as any obtained with the 
dry surface. The lubricant, although an insulator of enormous 
resistance, permits the passage of large currents with abso- 
lutely no interference, and yet is present in sufficient thickness 
to reduce the friction to one-fifth of its value for dry surfaces. 
When the drum was stopped, the resistance was very irregular, 
and it generally rose to what was practically total insulation. 

Whatever the explanation, there is no doubt that the 
action of the lubricant is beneficial in reducing friction and 
wear and tear of brushes, without any counterbalancing 
increase in electrical losses, provided a little attention is be- 
stowed on it. On account of the reduction in friction losses 

24 
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the pressure may be increased to some 30 or 40 oz., and over 
a large range of current density current can be collected at a 
total loss of less than 2 watts per ampfere. The data are 
scarcely adequate for precise calculations, 8|.nd we shall not 
attempt any formula connecting electro-motive force, current, 
speed, and pressure, which would doubtless be much affected 
by the degree of lubrication ; but the general charswjter of the 
phenomena and their practical apphcation are sufficiently 
clear. 
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recipes and patents.^ 

Solid Lubricants. 

Grease for Hemp Bbpes. (1) Yellow paraffin (m.p. 125- 
30 F.) 8 parts, colophony 20, blown cotton seed oil 10, crude 
wool fat 35, cylinder oil 35, soft soap 50, talc 80 parts. The 
fats are melted together, and the talc is added, the whole 
being stirred until cold, to prevent separation of the last- 
named ingredient. (2) Soft soap 10 parts, levigated graphite . 
13, crude wool fat 5, mineral oil, specific gravity 0*906-8, 15, 
blown cotton seed oil 10 parts. Prepared in the same way as 
1. These greases may be coloured by replacing a portion of 
the talc with colcothar, ochre, chrome yellow, etc. 

Grease for Camel Hair Belting. Thick fluid grease : Thick 
crude rosin oil 15 parts, crude wool fat 7, castor oil (2nd 
pressing) 35, talc 5 parts. 

Solid Grease. Pale rosin 10 parts, talc 5, blown cotton 
seed oil 10, yellow paraffin 4 parts. 

Grease for Cotton Belting. Pale rosin 20 parts, crude wool 
fat 10, tallow 10, paraffin 30, mineral oil, specific gravity, 
0*900-7, 20 parts. The ingredients are melted together. The 
consistence of the grease can be regulated by altering the 
proportion of the mineral oil. 

Greases for Leather Belts. A distinction is drawn between 
greases for rendering the leather supple, and those used for 
increasing its adhesion to the pulleys. An excellent grease 
of the forro'er class is prepared from tallow 10 parts, paraf- 
fin 15, blown rape oil 15, bone oil 10, mineral oil (0*906-8) 

1 Reprinted from ** The Oil and Colour Trades* Journal ". 

(371) 
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50 parts, the ingredients being simply melted together. The 
adhesion greases are sold as thick fluid preparations, or in 
the form of solid sticks. A fluid preparation is made from 
pale rosin 20 parts, crude wool fat 10, crude thick rosin oil 
20, crude linseed oil 25, mineral oil (0*900-7) 15 parts. For 
the solid grease 30 parts of pale rosin, 20 of neutral wool fat, 
10 of blown cotton seed oil, 15 of paraffin, 10 of cod oil, and 
15 of mineral oil (0*900-7) are melted together and poured 
into stick moulds of parchment paper. 

Grease for Wire Ropes, Pale rosin 20 parts, thick crude 
rosin oil 10, crude wool fat 15, paraffin 7, boiled linseed oil 
40, talc 10 parts. The talc may be replaced by graphite, 
which possesses many points of superiority. 

Greases for Wooden Pinions, Hard Grease : Crude wool fat 
40 parts, levigated graphite 40, solid machinery grease 5, 
yellow paraffin 5 parts. Soft grease : Crude wool fat 60 parts, 
levigated graphite 30, mineral oil (0-900-7) 10 parts. 

Pinion Greases, Hard grease : Crude wool fat 9 parts, 
solid machine grease 45, talc 15, stearine pitch 5 parts. Soft 
grease : Crude wool fat 12 parts, crude rosin oil 9, solid 
machine grease 6, talc 12, tar 5 parts. 

Belting Greases. 

Seventy parts of neutral wool fat are melted and mixed 
with 10 of castor oil (second running), 5 of thickened cotton 
seed oil, and 2 of lard oil, 4 parts of caustic soda lye (40'' 
B.) being stirred in until cold. White semi-fluid grease: 
(1) Pale resin 40 parts, tallow 10, pale fish oil 15, thickened 
rape oil 5, zinc white 5, soda lye (40° B.) 3. Care is neces- 
sary to prevent the mass frothing over when heated. The 
resin and tallow are melted, and the fish oil and zinc white 
ground in a mill and added, followed by the rape oil, the lye 
being stirred in carefully last of all. (2) Pale resin 30 parts, lard 
oil 15, castor oil (second running) 12, zinc white 5, white tech- 
nical vaseline oil 4, ceresine 3, soda lye 3. The zinc white may 
be replaced by coloured earths, such as ochre for yellow, col- 
cothar for red, &c. Non-resinous grease in sticks : Yellow cere- 
sine 15 parts, crude caoutchouc 2, raw linseed oil 5, neutral wool 
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fat 15. The caoutchouc is dissolved in the hot linseed oil, 
and mixed with the melted ceresine and wool fat by stirring, 
the cooled mass being cast in moulds. Another recipe is : 
Yellow ceresine 2 parts, neutral wool fat 15, pale fish .oil 3, 
thickened rape oil 3, caoutchouc (dissolved in a little turps) 1 
part, prepared as above. Grease in sticks vnthout wool fat : 
Eesin 50 parts, thickened cotton seed oil 12, yellow ceresine 
12, raw linseed oil 10, Bussian engine oil (sp. gr. 0. 906-8) 
15. The oils are stirred into the melted ceresine and resin, 
and the cooled mass is poured into moulds. Another recipe 
gives : Pale resin 30 parts, yellow ceresine 15, thickiBned rape 
oil 2, oil of turpentine 1, American pale oil (sp. gr. 0. 907) 2. 
Belting grease with wool fat ; these greases are cheaper than 
the foregoing: (1) Ceresine 5 parts, neutral wool fat 15, 
tallow 10, resin 30; all melted together and stirred until 
cold. (2) Ceresine 10 parts, neutral wool fat 20, tallow 5, 
resin 20, American pale oil 10. (3) Crude wool fat 30 parts, 
castor oil (second running) 10, fish oil 5, paraffin 5, soda lye 
(40° B.) 5 (Chemisch-Technische Fabrikanfc). 

Eecipe for Belt Grease in Sticks. 

Take of pale rosin 65 parts, tallow 15, ceresine 10, neutral 
wool fat 20, oxidized cotton-seed oil 10 parts. The ingredients 
are melted in succession, and the mixture, when cooled down 
to a point at which it begins to set, is poured into parchment- 
paper cylinders resting in a wooden or metal mould, or else 
into metal tubes corked at the lower end, the cooled mass 
being afterwards ejected by a wooden plunger, and wrapped 
in paper or foil. 

The Lubrication of Explosive Motor Engines. 

By French patent, No. 26,151 of 1908, M. L6on BoUee, 
of 120 Avenue de Paris, Le Mans, Sarthe, France, protects a 
means for regulating the amount of oil splashed by the end of 
the connecting rod in these engines. It is well known that in 
the usual or splash method of lubrication for these engines, if 
the amount splashed is excessive the excess oil passes the piston 
into the combustion chamber and renders the exhaust smoky. 
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He fits a receptacle inside the crank chamber to collect some 
of the oil from each splash. This receptacle has communica- 
tion by means of a hole in the crank chamber wall with the 
interior of a chamber containing a float and valve of the type 
used in carburettors. The float chamber constitutes a 
measurer, for if the oil rises too high in the float chamber 
owing to excessive splashing, the float lifts a valve and allows 
a certain quantity of oil to flow out of the crank chamber ; 
thus, by lowering the level of the oil therein the quantity 
splashed, and therefore the amount of lubrication, is reduced. 

Special Lubbicating Oim. 

Engine Crank Oil. An oil suitable for this purpose can be 
prepared from Eussian lubricating oil of sp. gr. 0905 to 0*908, 
and 25 per cent of blown cotton seed oil. The viscosity is 
9-17 at 50° C, the flashing point 201' C, sp. gr. 0*922, colour 
pale reddish-yellow. 

Dynamo and Motor Oil. Eussian lubricating oil, viscosity 
5, flashing point 192' C, and sp. gr. 0*899, is mixed with 30 
per cent of cold-test bone oil. The product has the viscosity 
3-06 at 50° C, flashing point 2ir C. 

EoLLER Greases. 

The bearings of rolling mills require to be lubricated with 
a grease of high melting point, combined with efficiency, in 
order that it may adhere to the metal as long as possible. 
Since the natural fats will not stand the heat test, they are 
unsuitable, and have to be replaced by distillation products 
of mineral oil, wool fat, or of fatty acids. Clear greases for cool 
rollers can also be made by saponifying wool fat or some of 
its constituents and resin, in admixture with mineral oil. Of 
this type also are the vaseline briquettes used for greasing out- 
of-the-way bearings — screw shafts on steamships, etc. The 
following recipes will furnish useful greases for roUing mill- 
work : (1) Neutral wool fat 30 parts, stearine pitch 10, 
melted together. (2) Crude wool fat 150 parts, wool fat 
stearine 50, caustic soda lye (40° B.) 10. The fats are 
heated to about 120° C, and the lye is poured in carefully to 
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prevent frothing, heating being continued until a sample 
shows the proper consistency on cooling. (3) Dark resin 60 
parts, crude wool fat 70, wool fat stearine 10, caustic soda 
(40' B.) 15, levigated graphite 70. 

Vaseline Briquettes, (1) Wool fat stearine 30 parts, resin 
15, Eussian mineral oil (0-906-08) 100, caustic soda (85° B.) 
15. (2) Wool fat stearine 20 parts, resin 30, neutral wool 
fat 50, caustic soda (35° B.) 15. The fatty substances and 
resin are melted together at below 120° C, and the lye is 
added with care, the temperature being maintained until the 
proper consistency is reached. After partial cooling the pro- 
duct is run into moulds. 

Briquettes for Hot Rollers. These greases are made from 
distillation residues (pitch or hard tar), and may be prepared 
by either merely melting these down in association with wool 
fat, or subsequently adding lye, which gives a harder product. 
Strips of cotton waste 2 to 4 in. long may be incorporated 
with the mass to prevent it running away too quickly as the 
rollers grow hot. (1) Wool fat pitch 50 parts, wool fat 50, 
dark resin 20, hard tar 50, cotton waste 10. (2) Stearine 
pitch 50 parts, wool fat pitch 100, wool fat 100, mineral 
oil 20, cotton waste 15. (3) Stearine pitch 50, resin 50, 
mineral oil 50, hard tar 30, crude wool fat 30, caustic soda 
(35** B.)20, cotton waste 15 (Seifensieder Zeitung, Augsburg). 

For a grease for ropesy try 40 lb. rosin, 10 lb. ceresin wax, 
50 lb. tallow, and 40 lb. American engine oil. 

Lubricant for Steam Gooks. 

One part of crude rubber is dissolved by heat in 10 parts 
of heavy cylinder oil of as high a flashing point as possible, 
and stirred in with 2 parts of melted tallow and an equal 
quantity of ceresine. When the mass has cooled down a 
little 3 parts of graphite are added, the whole being stirred 
until solid, to prevent the graphite settling out again. 

Graphite Lubricant for Boiler Taps. 

(German patent 189,271, K. von Keppel.) — Absolutely 
pure graphite is moistened with 6 to 10 per cent of neutral 
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mineral oils, or the like, of high boiling point, and is pressed 
into sticks, cubes, balls, or tablets under a pressure of about 
10 atmospheres. The high pressure incorporates the fine 
flakes of graphite to a solid mass with the hydrocarbons, 
the necessity for using wax, gum, resin, and other bodies 
which set hard on cooling being avoided. 

Wool Fat Lubricants. 

Degras. Blown Japanese fish oil 30 parts, ordinary Ja- 
panese fish oil 20, crude wool fat 20, and water 30 parta 
Another recipe consists of crude wool fat 30 parts, Japanese 
fish oil 30, oleic acid 15, and carbonate of potash solution 15 
to 20 parts. The fats are heated in a pan, and after the 
addition of the water and potash solution, the whole is stirred 
until the water is thoroughly incorporated. 

Gog-wheel Grease. Crude wool fat 75 parts, levigated 
graphite 8, talc 8, lampblack 2, and mineral oil 7 parts. This 
grease is sufficiently adhesive to stick to the wheels, without 
being tacky like greases containing resin. At the same time 
the graphite and talc form a protective coating on the metal. 
The grease should be painted on with a brush. 

Mill-wheel Orease, An adhesive grease for the wheels of 
water mills is prepared from resin 20 parts, crude wool fat 
30, and thick blue resin oil 50 parts. 

Chain Grease, Crude wool fat 85 parts, mineral oil 10, 
levigated graphite 3, and lampblack 2 parts. 

Belting Grease, Neutral wool fat is melted along with 
4 to 5 per cent of yellow paraffin wax and poured into paper 
tubes so as to form sticks. If greater adhesion be required, 
10 to 20 percent of resin may be added, but this is not ad- 
visable, since it injures the leather. 

Wire-rope Grease, Neutral wool fat 80 parts, thick blue 
resin oil 15, and levigated graphite 5 parts. 

Hemp-rope Grease. Soft soap 30 parts, neutral wool fat 
25, mineral oil 35, levigated graphite 8, and lampblack 2 
parts. 

Improved Lubricating Oils, R. J. Crowley, of 99 Judd 
Street, and F. FitzPayne, of 27 Chancery Lane, W.C, declare 
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the nature of this invention to be described by the following 
statement : This invention relates to an improved lubricating 
oil which is made as follows: A mixture is made by pouring 
olive oil into castor oil in the proportions of 3 gallons of olive 
oil to 1 gallon of castor oil ; they mix together and form a 
perfect chemical combination. This mixture can be used for 
lubricating purposes for any kind of machinery and the most 
delicate instruments. It does not oxidize or form any sedi- 
ment, and is not affected by high temperature. In certain 
circumstances, such as variations of temperature and the like, 
the proportions of the mixture may be varied, but in- all cases 
it is necessary that a larger proportion of olive oil be used 
than of castor oil. 

Solid Gbeases. 

Cart Qrease. Neutral wool fat 5 parts, tallow 5, paraffin 
wax (m.-p. 114° Fahr.) 15, lard oil 20, mineral oil (sp. 
gr. 0*900) 15 parts, with an addition of 5 to 10 per cent 
of flaked graphite if desired. The ingredients are simply 
melted and stirred together. 

Grease for Printing Machines. Twenty parts of tallow 
are melted with 20 of castor oil (first pressing), and incorpor- 
ated with 10 parts of best levigated graphite. 

Collector Grease, Tallow 10 parts, neutral wool fat 
10, paraffin wax (m.-p. 122° to 125° Fahr.) 15, castor oil (first 
pressing) 5, mineral oil (sp. gr. 0*885) 60, and best levi- 
gated graphite 10 parts. The fats and oils are incorpor- 
ated by melting, the graphite being stirred in until the masa 
begins to thicken, whereupon the whole is put into tins. 
For use, as small a quantity as possible is applied to the 
copper of the collectors. 

Bung Grease. Tallow 8 parts, rosin 4, paraffin wax 
(m.-p. 104° Fahr.) 2, talc 4 parts. The first three ingredients 
are melted together, and after the mixture has cooled down 
to about 158** Fahr. the talc is stirred in. The cold mass is cut 
into lumps of convenient size. 

Ring Grease for Twine Makers, Tallow 40 parts, Japan 
wax 15, coconut oil 45 parts, simply melted together. If 
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any alteration be made in the ingredients the substitutes 
should be of a saponifiable character. 

Hoof Grease, Ceresine 6 parts, paraffin wax 6, dark 
♦cylinder oil 15, tar 5, rosin 10, mineral oil (sp. gr. 0*885). 
The mixture may be blackened with lampblack, in which 
case the mineral oil must be treated with 1 per cent of nitro- 
naphthalene, or a yellow coal-tar dye, to take away the blue 
^fluorescence. 

A Medicinal Grease is prepared from caustic lime 6 parts, 
stock oil, 6, mineral oil (sp. gr. 0'665) 20, thin blue rosin 
•oil 60, carbolic acid 1* part. The lime is stirred up with 
the mineral oil and rubbed through a fine sieve, the other 
oils being stirred in (the carbolic acid dissolved in a little 
mineral oil), and the whole stirred till it begins to thicken 
(Seifensieder Zeitung). 

Wheel Greases. 

Wheel greases of a common description generally have as 
their basis crude rosin oil, and can be made in a variety of 
ways, either with this oil alone or in an admixture with other 
oils and fats. The following formulae are given to show how 
these can be made : — 

Twenty lb. crude rosin oil and 16 lb. 0*900/7 American 
mineral oil are mixed together ; then there is added 30 lb. 
fine whiting free from grit. This is done with constant 
«tirring. There is then added 2 lb. fresh slaked lime mixed 
with 2J lb. soda crystal solution, 32° Tw. The whole mass is 
«tirred until it becomes stiff. 

Another grease is made in the following manner : 80 lb . 
-of American petroleum oil 0*900/7 is heated to 250*" Fahr., and 
30 lb. pale rosin melted therein ; to this mixture is now added 
220 lb. American 0*900/7 oil and 60 lb. thick crude rosin oil; 
€0 lb. dry slaked lime is added, and the whole mass well 
stirred until it becomes homogeneous and stiff. 

Another grease is made from 70 lb. thick crude rosin oil 
And 20 lb. thin crude oil, and the mixture is heated to 200" 
Fahr., and 10 lb. dry slaked lime stirred in till the mass 
stiffens. 
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Another good wheel grease is made by boiling together 
300 lb. brown Yorkshire grease with 60 lb. of caustic soda lye 
of 50° Tw. There is then added 300 lb. crude rosin oil and 
30 lb. American 0*900/7 oil ; after these are mixed there is 
added 130 lb. slaked lime of good quality. The whole mass 
is thoroughly stirred, and allowed to stand for twenty-four 
hours. The next day the mass is warmed up, and 100 lb. 
of American oil 0*900/7 is added until the mass is of the right 
consistence. 

A very cheap grease of a black colour is got by taking 
50 lb. coal-tar, heating to 250° Fahr. for two hours, then 
allowing to cool down to 150"* Fahr., and adding 20 lb. tar- 
grease oil, 30 lb. crude rosin oil, and 10 lb. dry slaked lime, 
stirring well. 

Another plan frequently followed is to take 100 lb. thick, 
crude rosin oil, heat to about 150° Fahr., then stir in 20 lb. 
quicklime, which is first slaked to a thick cream. The 
mixture is well stirred for a few hours, then placed on one 
side for twenty hours. Water will be found on the top of the 
mixture ; this is poured off, and the grease heated to 120° Fahr., 
and then mixed with constant stirring with 100 lb. soft crude 
rosin oil. 

Lubricating, Drilling, and Cutting Tools. 

The liquid used is very often an aqueous solution of soft 
soap and soda. According to Archbutt and Deeley, the 
hquid used at one works is made by boiling in 100 gallons of 
water 18*5 lb. of soda and 15*5 lb. of soft soap. They also 
give the following analysis of another lubricant of this kind, 
which shows it to be a solution of rosin soap in rosin oil : 
Eosin oil, 74*9 per cent ; rosin acids (rosin), 23*5 per cent ; 
soda NagO, 1*5 per cent ; oxide of iron and lime, 01 per cent. 
Possibly the easiest way to make an oil of this nature would 
be to add soft soap to rosin oil until you get an oil that will 
emulsify correctly, and at the same time is of the right con- 
sistency. You will, in all probability, find that the prepara- 
tion, if too thick, can be thinned down with hot water to the 
right consistency for sale long before it starts to form an 
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emulsion. Mineral oil does not possess as great a tendency 
to form an emulsion as rosin oil, but there is a much larger 
selection to choose from, and by suitably adjusting the soft 
soap and mineral oil to each other a mixture that will readily 
form an emulsion on the addition of water is obtained. 

Anticorrosive and Lubricant. 

(German patent, 204,906, F. W. Klever, Cologne.)— Instead 
of employing alkaU oleates and heavy alcohols for the emulsi- 
fication of heavy mineral oils, as prescribed in German patent,. 
174,906, it is proposed to effect the same result with alkali salts- 
of the fatty acids, especially those from castor oil, in conjunc- 
tion with these alcohols, thus enabling old grades of petroleunt 
from ordinary lamp oil up to the heaviest fractions to be con- 
verted into fluid anticorrosives. The proportions of alcohol 
and alkali salts ranges from about 20 per cent for lamp oil 
down to about 15 per cent for heavy fractions. The alkali . 
salts of organic acids, e.g., resin acids, can also be used, in. 
which case the amount of alcohol and alkal^ salt ranges front 
25 to 35 per cent, varying in direct proportion with the 
specific gravity of the oil to be emulsified. 

Antifriction Grease. 

In the destructive distillation of rosin the distillate carries 
over in the train of its vapour much undecomposed rosin, the 
acids of which are neutralized by the milk of lime used in the 
making of so-called antifriction grease with formation of 
rosinate of lime, which dissolves in the rosin oil and thickens 
it to the consistency of grease. Its body is often increased 
by the addition of gypsum up to one-third of its weight. 

Antifriction Grease. 

Slake about i cwt. of best quality quicklime (not chalk 
lime). Make it into fine creamy milk, and sift it through 
120 mesh sieve. Mix the creamy milk with enough crude 
rosin spirit, say 5 gallons, to separate all the water from the 
milk of lime, run off the water so separated. Mix the curds 
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formed by the amalgamation of the rosin spirit with the 
lime, with 7 cwt. of rosin oil in a steam-jacketed pan, fitted 
with a double agitator working in opposite direction from 
' two concentric shafts; when the whole is combined, run in 
3 cwts. of anthracene oil, and, when that is amalgamated, 
feed in gradually 3 cwts. of finest terra alba. When this also 
is amalgamated, ojjen the sluice of the jacketed pan, and run 
out. in to drums to set. Terra alba is the trade name for 
finely ground gypsum, which is a better lubricant than car- 
bonate of lime, but if you prefer the latter you can use Paris 
white (levigated chalk) instead. 

Belt and Eope Greases. 

A grease for increasing the adhesion of driving belts can 
be prepared by melting together 25 parts of pale resin, 10 of 
neutral wool fat, 20 of paraflSn wax, and 20 parts of blown 
cotton seed oil, the mass being poured into paper cylinders 
supported in a suitable frame. For greasing hemp ropes 15 
parts of pale resin are melted with 45 of wool fat, 15 of soft 
soap, and 5 parts of yellow ceresine, 30 parts of talc and 20 
parts of levigated graphite being stirred in until the mixture 
has so far thickened that there is no risk of these ingredients 
separating out again. 

Grease for Hemp Eope. 

Ceresine 5 parts, pale resin 20, thickened cotton seed 
oil 5, thick green cylinder oil 20, finest talc 50, soft soap 
20. The ceresine, resin, cylinder oil, and soft soap are 
melted, the cotton seed oil is added, and the talc stirred in. 

Lubricants for Watches, Clocks, etc. 

According to an American authority, porpoise and black- 
fish oils are better than any other oil for use in watches, 
clocks, guns, chronometers, bicycles, sewing machines, etc. 
The body oil is worth comparatively little as compared with 
the small quantity of oil in the ** melon " on top of the head 
and the oil in the blubber of the under jaw. 
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Acetic acid test for oils, 256. 
Acetylenes, 12, 13. 
Acid tar, 56. 
Acids, fatty, 121-4. 

— molecular weight of fatty,, 261. 
Action of products of combustion on 

lubricants, 345. 
Adulteration of oils, 213, 226. 
Alkali tests for oils, 222, 223. 
Allenes, 13. 

Allen's table of various oils, 131. 
Almond oil, 159. 
Alsace petroleum, 96. 
Aluminium oleate, 118. 

— stearate, 118. 
American petroleum, 81. 

geology of, 85, 86. 

refining, 99. 

Ammonia sulphate, 37, 41, 49. 

— water, 37, 51. 

Analysis and testing of grease, 291. 

. oils, 213. 

Animal oils, 120, 131. 

occurrence of, 131. 

extraction of, 183. 

rendering, 134-6. 

Anthracene, 14, 277. 

— grease, 287. 

— oil, 287. 
Arachidic acid, 201. 
Arachis oil, 159, 200, 201. 
Archbutt's evaporation test, 251. 

— cylinder oU test, 819. 

— experiments, 347. 

— elaidin test, 260. 
Arctic sperm oil, 202. 
Argentine petroleum, 95. 
Astatki, 115. 

Attenuation by heat, 316. 
Axle grease, 279, 288. 



B. 



Baku petroleum, 87, 96. 
Barbadoes tar, 94. 



Barracks shale, 26. 
Baum6 hydrometer, 331. 
Ben oil, 159. 
Benzenes, 14. 
Benzine, 108. 
Benzolene, 108. 
Bleaching oils, 166. 

by hot air, 167. 

bichromate, 168. 

by chlorine, 168. 

by sun, 169. 

— of cotton fabrics, 315. 
Blowing oils, apparatus for, 209^ 

— process, 210. 
Blown oils, 208. 
Blue oU, 28, 67. 
Body of oils, 231. 
Boiling-point of liquids, 8. 
Bone tallow extraction,' 143, 176.. 
Bromine tests for oils, 258, 259. 

— equivalents of oils, 260. 
Brown rape oil, 198. 
Broxburn shale, 26. 
Burning oils, Scotch, 63. 

American, 94. 

— point of oils, 247. 



Galifomian petroleum, 94. 
Canadian petroleum, 95. 
Castor oil, 191. 

composition, 193. 

constants, 194. 

decorticated, 158. 

extraction, 193. 

properties, 192. 

seeds, 158. 

uses, 193. 

Centigrade and Fahrenheit thermo- 
meters compared, 332-4. 
Gheese-box petrol stills, 101-3. 
Chemical composition of fats and oils,. 

121. 
Ghrysene, 14. 
Ginnamene, 14. 
Coconut oil, 157, 188. 
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Coconut oil composition, 190. 

constants, 191. 

extraction, 189. 

properties, 190. 

sources of supply, 189. 

uses, 190. 

Coefficients of friction of various oils, 

365. 
Colliery grease, 280. 
Colza oil, 157, 198. 

Combustion of hydrogen and air, 342. 
Common mineral oils, 253-4. 
Compound or fatty oils preferred by 

many, 324-5. 
Compressor and freezing machinery 

oil, 306. 
Cotton seed oil, 159. 

thickening, 208. 

Couper-Rae shale retort, 42. 

Cracking, 107. 

Crude shale oil, 27, 31, 35, 55. 

'- composition, 51-3. 

treatment, 51, 53. 

Cylinder oils, 110, 113, 299, 303. 

— oil apparatus, 101, 345. 

preparation of, 345. 

Cylindrical petrol still, 101. 
Cumulative resolution, 19. 
Cymogen, 108. 



Dark petrol oils, 287. 
Deblooming mineral oils, 119. 
Decorticating oil seeds, 157. 
Demonstration of burning of oils by 

lamps, 328. 
Destructive distillation, 9. 

products of, 9, 11, 12. 

Diallyl, 13. 
Dietz apparatus, 171. 
Diphenyl, 14. 
Dipropargyl, 14. 
Distillation, 8. 

— continuous system, 59, 61. 

— destructive, 8. 

— Galizische Karpathen of petrol 

fuel, 349. 

— in vacuum, 351. 

— of Scotch shale, 47. 

— Siedenschur apparatus, 349. 

— Silbermann apparatus, 350. 

— simple 9, 54. 

— with or without steam, 351. 
Dunnet's shale, 26. 

Durston, A. G. on cylinder oils, 320, 322. 
Dynamos, oils for, 305. 



E. 



Elaidin test for oils, 260, 261. 
Electrical brushes, lubrication of, 368, 

370. 
Evaporation test for oils, 250. 

Archbutt's apparatus, 251. 

Explosion, 336. 

— engines, 327. 
Extra filtered cylinder oils. 111. 



Factors influencing selection of lubri- 
cants, 302, 803. 

Fat and mineral oils, separation of, 
222. 

— extraction apparatus, 293. 

— rendering animal, 133, 137. 
Fats, 2, 120. 

— as cylinder oils, 319. 

— characteristic features of, 2. 
Fatty acids, 122. 

acetic series, 123. 

insoluble, 123. 

linoleic series, 127. 

linolenic series, 127. 

oleic series, 125. 

molecular weight, 261. 

ricinoleic series, 127. 

soluble, 123. . 

— oils, chemical composition, 121. 
Feirs shale, 26. 

Fire test of oils, 244. 

Fischer's fractionating patent, 348. 

Flash point apparatus, Gray's, 249. 

of oils, 244, 249. 

close test, 249. 

open test, 248. 

Fouling of cylinders, 219. 
Fractional distillation of petrol, 104. 
Fractionation of petrol, 826. 
Friction, 287. 

— and lubrication, 273. 

— fluid, 301. 

— in machinery, 268. 

— rolling, 301. 

— sliding, 301. 

Fuller's bone fat plant, 143, 144. 



Galician petroleum, 87, 91, 96. 
Galizischi Karpathan distillation, 349. 
Gas engine oils, cost of lubrication, 
344. 
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Gas engine cylinder oils, 342. 

deposit, 348. 

temperature, 341. 

development of, 338, 339. 

probable increase of, 340. 

Gasoline, 108, 114. 
Gingelly oil, 160. 
Glycerides, 122. 
Glycerine, 122, 128, 130. 

— properties of, 128, 130. 

— proportions in oils, 131. 

— specific gravities of solutions, 129. 
Glyceryl, 122. 

Glycols, 20. 

Gravity of oils, table, 220. 

testing, 214. 

Gray's flash point apparatus, 249. 
Greases, lubricating, inferior to oils, 

312. 
Grease, analysis of, 291 . 

— anticorrosion, 380. 

— antifriction, 380. 

— axle, 288, 290. 

— belting, camel hair, 371. 
cotton, 371. 

leather, 371, 372, 376. 

in sticks, 372, 378. 

— boiler taps, 876. 

— brown, 284. 

— bung, 377. 

— collector, 377. 
-— crank, 288, 290. 

— degras, 376. 

— dynamo, 374. 

— engine crank, 374. 

— graphite, 290. 

— hemp rope, 371. 

— hoof, 378. 

— loco, 288. 

— making plant, 360. 

— materials, 281-9. 

— medicinal, 378. 

— mica, 290. 

— millwheel, 376. 

— motor or cup, 288, 373. 

— pinion, 372. 

— plumbago, 290. 

— printing machine, 377. 

— ring for twine makers, 377. 

— roUer, 288, 290, 374. 
pot, 376. 

— rope, 375, 381. 

— rosin, 289. 

— solid, 371. 

— steam-cock, 375. 

— tram, 288, 290. 

— vaseline briquettes, 374, 375. 

— wheel, 287, 878, 879. 



Grease, wire rope, 372. 

— wooden pinion, 372. 

— wool fat, 376. 

— Yorkshire, 284. 
Green naphtha, 61. 

— oil, 28, 62, 65. 
refining, 66. 

Grey shale, 26. 

Ground nut oil, 169, 200. 

composition of, 200. 

constants of, 201. 

properties of, 200. 

sources of, 200. 

Gum in oils, 263. 

H. 

Hanover petroleum, 87, 96. 
Hard scale, 67. 
Heat of explosions, 328. 
Heavy hot bearings, oils for, 306. 
Hehner*s bromine test, 269. 
Henderson's shale retort, 83, 46, 46. 
products from, 86, 48. 

— sweating apparatus, 73. 

flat cake, 73. 

cylindricaJ, 76. 

High temperature lubrication, 316. 
Hodge's discovery and invention, re- 

fiuing paraffin by sweating, 72. 
Horns by *s oil engine, 356. 
Hot neck grease, 288. 
Houston coal, 26. 
Hubrs iodine test, 250. 
Huiles tourtiants, 197. 
Hurst's viscometer, 236, 239.' 
Hydraulic seed press, 161, 155. 
Hydrocarbon oils, 8, 7. 

— and fat oils, separation of, 223. 
bodying up, 117, 118. 

— deblooming, 119. 
Hydrocarbons, 13, 14. 

— families of, 13. 

— methane series, 15. 

— naphthene series, 13, 23, 90. 

— olefin. 19. 

— paraffin 15. 
Hydrometer test for oils, 216. 



I Ingram & Stapfer oil testing machine, 

I 265. 

I Internal combustion engine, 323. 

I oils for, 324, 325. 

I Iodine equivalents of oils, 256. 
I — test for oils, 256. 
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Kerosene, 104, 114. 

Koetstorfer test for oils, 224, 226. 



Land engines, oils for, 305. 
Lard oil, 182. 
Laurel oil, 159. 

Light speed machinery, oils for, 805. 
Linseed oil, 159. 
Liquation or sweating, 73. 
Loco grease, 288. 
Locomotives, oils for, 305. 
Lubricant, efficiency, Witson & Pul- 
lar's experiments, 307. 

— endurance, 296. 

— freedom from gumming, 298. 

— fluidity, 296. 

— non-acidity of, 297. 

— peat storing or conveying, 296. 
Lubricants, 295. 

— properties of, 295. 

— selection of, 802. 
Lubricating greases, 280. 

— oils, properties of American 118. 

Russian, 116, 117. 

Scotch, 47. 

Lubrication, 295 

— and atmospheric agents, 2'J7. 

— and friction, 295. 

— and pressure, 303. 

— and speed of machines, 292. 

— and temperature, 303. 

— at high temperatures, 316. 

— at ordinary temperatures 297. 

— of engine cylinders, 316. 

— under ordinary conditions, 297. 



Maize oil, 159. 
Manufacturing recipes, 288. 
Marrow tallow, 176. 
Maumene test for oils, 227. 
Mayberry's experiments, 353. 
MoNaught's oil test machine, 276. 
Mechanical tests for oils, 264. 
Melting of solids, 8. 

— point of fats, 261. 
Methylated spirit purifying, 225. 
Mica grease, 290. 

Mill's bromine test, 258. 

Mineral and fat oils separation, 228. 

— oils, bodying, 210. 



Mineral oils, deblooming, 119. 
; Molecular weight of fatty acids, 224, 

261. 
Monitor, 107. 
Motor greases, 358. 

boiled, 362, 366. 

thick, 366. 

— cycle oils, 330. 

— oils for small cars, 880. 
large oars, 330. 

Mungle shale, 26. 
Mustard oil, 159. 



N- 

Napier's oil-testing mflichine, 278. 
Naphtha, 61, 63. 

— green, 27, 61. 

— petroleum, 94, 99, 114. 

— refining, 62. 
Naphthalene, 13. 
Naphthenes, 13, 23, 89, 90. 

— constitution of, 22. 

— properties of, 22, 23. 

— table of, 93. 

Natural lubricating oils, 110. 
Neatsfoot oil, 176, 182. 
Neutral petroleum oils, 112. 
Niger seed oil, 202. 
Nitro-glycerine, 130. 
Nut oil, 200, 201. 



Oil, almond 159. 

— arachis, 159, 198. 

— ben, 159. 

— blown, 208. 

— castor, 159, 191. 

— coconut, 169, 189. 

— colza, 159, 198. 

— cotton seed, 169. 

— gingelly, 169. 

— ground nut, 169, 200. 

— lard, 182. 

— laurel, 169. 

— linseed, 159. 

— maize, 169. 

— mustard, 159. 

— neatsfoot, 182. 

— niger, 169, 202. 

— nut, 159, 200. 

— olive, 159, 197. 

— palm, 159, 280. 

— palm nut, 159, 186. 

— poppy seed, 159. 
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Oil, rape, 169, 198. 

— seal, 207 ; constants, 208. 

— sesame, 169. 

— sperm, 202. 

— sunflower, 159. 

— tallow, 179, 181, 182. 

— thickened 210, 211. 

— whale, 206. 

Oil clarifying by filtering, 160. 

— crushing inill:4, 147, 162. 

— engine, 866. 

— extracting plant, simple, 172. 
by benzolene, 173. 

— extraction by carb. bisulphide, 

170. 
benzol, 170, 

— filter press, 161. 

— foots, 166, 281. 

— grinding mills, 147, 148. 

— presses, stamper press, 150. 

hydraulic press, 151. 

screw press, 161. 

— refining by caustic soda, 164. 

Fuller's earth, 160. 

sulphuric acid, 162. 

— seed kettles, 149. 

moulding machine, 168. 

— seeds, decorticating, 157. 

— separator, 49, 106. 

— solvents, 169-73. 

— stills, 64, 58, 60, 61. 

— testing machines, 264. 

Ingram and Stapfer, 265. 

McNaught, 276. 

Napier, 278. 

Shaw, 278. 

Thomas, 273. 

Thurston, 268-73. 

Oils, 1, 2. 
— - absorption of oxygen by, 297. 

— and spontaneous combustion, 299. 

— bleaching of, 166. 

by bichromate, 168. 

by chlorine, 168. 

by hot air, 167. 

by sun, 169. 

— characteristic features, 3. 

— essential, 5. 

— extracting by solvents, 169. 

— fatty 3. 

— hydrocarbons, 4, 7. 

— pressing vegetable, 145. 
Anglo - American system, 

162. 
English system, 150. 

— stainless, 307, 318. 

— suitable for marine engine, 304. 
various conditions, 304. 



I Oils, uses of, 6. 
I — vegetable, 169. 
j Oleate of alumina, 113. 
Olefin series of hydrocarbons, 19. 
I Olefins, 13, 17. 

— properties of, 18, 19, 20. 
Olive oil, 194. 

constants. 198. 

elaidin test for, 261. 

extraction, 194-6. 

huiles toumants, 197. 

— — properties of, 197. 
separator, 196. 

i sources of, 194. 

I *• sulphur " 196. 

I Once-ran oil, 65, 58. 

I — • refining. 55, 68. 

I Otto engine, cycle of, 337, 338. 



I Pale oils, 109. 
Palm nut oU, 186, 187. 

composition, 187. 

Cv istants, 188. 

properties, 187. 

! -- oil. 183, 280. 

I composition, 186. 

\ constants, 186. 

I extraction, 184. 

I grease-making, 280-6. 

I properties, 185. 

1 sources, 185. 

Paraffenes, 13. 

Paraffin petroleum oils, 109. 

— scale, 68, 70-6. 

refining, Jewet's, 71. 

sweating, Hodges, 78. 

Henderson's plant, 73. 

— wax, in lubricating oils, estima- 

tion of, 264. 

, analysis of, 72, 73. 

refining, 64, 72-7. 

tank, 67. 

Paraffins, 13, 17, 90. 

— general composition of, 16. 

— properties of, 16. 

— removal, increases viscidity, 864. 

— series of, 15. 

Pennsylvania petroleum, 89, 95. 
Peters' viscometer, 239. 
Petroleum, 80, 86. 

— American, 99. 
refining of, 98. 

— Baku, 87. 

— Burmah, 87. 
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Petroleum, Canadian, 83, 86. 

— chemistry of, 88, 89. 

— composition of, 87, 96. 

— cylinder oils, 110, 112. 

— difference between American and 

Russian, 92. 

— BJgypt, 87. 

— extraction of, 96. 

— formation theories, 87, H8. 

— Galioia, 87. 

— geology of 81-5. 

— Hanover, 87. 

— history of, 80. 

— Indian, 87. 

— origin of, 87. 

— Russian, 92, 110. 

— Roumanian, 87. 

— jelly, 111 

— kerosene, 104, 114. 

— lubricating oils, 109, 116. 

— naphtha, 114-6. 

— products. 94, 106, 108, 109, 116. 

— refining, 99. 

— residuum, 109. 

— shales, 86, 87. 

— stills, 100, 103-6. 
cylinder, 101. 

-: cheese-box, 101-3. 

— wells, 84, 97, 98. 

— world's production of, 119. 
Petroleums, various, 94, 95. 
Pitting by corrosion of fatty acids, 319. 
Power gas table, 340. 

Prejudice against fatty oils in gas en- 
gine oils, 824. 
Producer or power gas, 345. 



B. 

Raebum shale, 26. 
Rangoon oil, 94. 
Rape oil, 159, 198. 

blowing. 208. 

constants, 199. 

properties, 199. 

refining, 199. 

standani of viscosity 241 . 

sources, 198. 

thickened, 211. 

uses, 199. 

Redwood's viscometer, 234. 
Refining oils, 160. 

by caustic soda, 164. 

by filtering, 161. 

by Puller's earth, 161. 

by sulphuric acid, 162. 



Refining oils by zinc chloride, 163. 
Reichert test, 262, 263. 
Rendering animal fats, 138. 

— Cook 8, 134 136. 

— Merryweather's, 136, 186. 
Residuum, treatment of, 92, 104, 108. 

i Retorting of shale, 27, 30. 
I Rhigolene, 108. 

I Richardson and Hausen's experi- 
ments, 346. 
I Rosin, distillation of, 281. 
I — grease, 289. 
' — oil, 282. 
greases, 283. 

— - hard, 282, 284. 

medium 282, 284. 

soft, 282, 284. 

table. 286. 

— spirit 282. 

, Russian petroleum, 92, 112. 

products, 116. 

refining, 116. 



S. 



Saponification, reaction of fat and 

stearin, 122. 
alkali, 128. 

— equivalent, 226. 

— value, 226. 

Scotch shale oil industry, 77, 78. 

diagrams, 28, 53. 

oils, 26. 

— crude, 27, 62. 

distilling, 27, 48. 

history of, 29. 

properties of, 69-70. 

refining, 70-6. 

diagram of, 53. 

stills, 64. 

— shales, 26, 26. 

products of distilling, 33, 36, 

77. 
Seed crushing and grinding, .147, 148. 
Severity of conditions, Otto cycle, 323. 
Shale, analysis of, 78. 

— ash analysis of, 78. 

— distillation, 47. 
products, 48, 78. 

distilling, 27, 47. 

— gases, 37, 39, 46, 50, 79. 

— greases, 62. 

— naphtha, 62, 68. 

— oil products, 77, 78. 

— retorts, 81. 

Oouper-Rae, 42. 
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Shale retorts, Henderson, 34, 45. 

Stanrigg, 43, 

vertical, 31. 

Young, 33. 

Young and Beilby, 38-41. 

Shaw*s oil-testing machine, 278. 
Siedenschur distilling patent, 349. 
Sight feed in small engine, 352. 
Silberman's automatic distillation, 

360. 
Soda tar, 56. 
Solidified oil, 290. 
Soluble fat acids, Reich ert test for, 

262. 
Soxhlet fat extraction, 292. 
Specific gravity by hydrometer, 216. 

by Sprengel tube 216. 

correction for temperatures, 

218. 

of solid fat, 221. 

by floating, 222. 

Westphal balance, 216. 

Speed and lubrication of machinery, 

302,303. 
Spent shale, 27. 
Sperm shale, 203. 

constants, 204. 

Spontaneous combustion and oils, 

298. 
Stainless oils, 313. 
Stains in fabrics, 314. 
Stanrigg shale retort, 43. 
Steam pressure and temperature 

tables, 317. 
Stilbene, 14. 
Sulphuric acid colour test, 227. 

temperature test, 227 9. 

Summary of shale oil industry, 29-80. 



Table of average sp. gr., viscosity, flash | 
and setting point of pale commer- ; 
cial mineral oils. 253. 

natural dark do. do., ! 

254. I 

of fatty oils, 266. 

lubricative efficiency, 273. 

Wilson & PuUin's com- 
pounds, 310. 

fatty oils, 309. 

— — fractional distillation of liquid 
fuel, 326. 

steam, heat, and pressure, 

317. , 
viscosities, Hurst's, 318, 386. j 



Table of comparison of thermometers, 

832-5. 
density and percentage of dis- 
tillate with and without 
steam, 351. 

Tallow 175 176. 

— adulteration of, 179. 

— bone, 180. 

— chemical compounds of, 178. 

— constants, 180. 

— extracting, 133. 

— marrow, 176. 

— not suitable for h.p. cylinder, 318. 

— oil, 181-3. 

— properties of, 181. 

— rendering, 137. 

— sources of, 177. 

— tripe, 176. 

— uses, 180. 

Temperature and lubrication, 302. 

— of steam 317. 
Terpenes, 13. 
Testing oils, 213. 
Tests, acid, 214, 222. 

— alkali, 211, 222. 

— evaporation, 214, 250. 

— flashing point, 241. 

— free acid, 229, 231. 

— iodine, 214, 256. 

— oil, 213. 

— specific gravity, 214, 222. 

— viscosity. 231, 232. 
Textile oils, 306. 
Thickened cotton seed oil, 212. 

— oils, properties of, 210. 

— rape oil, 211. 
constants, 211. 

Thickening oils, 211. 
Thomas oil-testing machine, 273-5. 
Thurston oil-testing machine, 268. 
Tram grease, 288, 290. 
Twice-run light oil, 27, 63. 
refining, 63. 



V. 

Valenta's acetic acid test, 25G. 

Valylene, 18. 

Vaporising temperature of oils, 245. 

Various seed presses, 150. 

Vaseline, 111. 

Vegetable oils, 117, 132. 

extraction of, 146, 147. 

occurrence of , 132. 

Vertical shale retorts, 32. 

products from, 33, 34. 
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Viscometer, Cottrell's, 241. 

— friction, 241. 

— Hurst's, 286. 

— Napier's, 241. 

— Peter's, 289. 

— pipette, 232. 

— Redwoods, 234. 

— Sacher's 232. 

Viscosities of oils, table of, 237, 238, 

242, 301. 
Viscosity of oils. 242, 301 309. 
testing, 231, 232. 

— table, Hind's, 318. 



Whale oil extraction, 206. 

properties, 206. 

sources, 205, 

uses, 207. 

Wheel grease, 287. 

Whitepetroloil, 112. 

Wilson and PuUen's experiments, 309, 

310. 
World's production of petroleum, 110. 



W. 

Washing oils, 55. 
Wax, refining, paraffin 71, 70. 
Westphal balance, 217. 
Whale oil, 205. 
constants, 207. 



Yorkshire grease, 284. 

composition, 286. 

preparation, 286. 

properties, 286. 

Young's shale retorts, 32, 33. 

products from, 33 34, 36. 

Young & Beilby's gas producer 39. 

shale retorts, 38, 4 ' . 

products from, 41. 
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(Paints, Colours, Pigments and 
Printing Inks.) 

THE CHEMISTRY OF PIGMENTS. By Ernest J. 
Parry, B.Sc. (Lond.), F.I.C., F.C.S., and J. H. Costs, F.I.C, 
F.C.S. Demy 8vo. Five Illustrations. 285 pp. Price 10s. 6d. 
net. (Post free, lis. home ; lis. 2d. abroad.) 

THE MANUFACTURE OF PAJNT. A Practical 
Handbook for Paint Manufacturers, Merchants and Painters. 
By J. Cruickshank Smith, B.Sc. Second Edition, Revised and 
Enlarged. Demy Svo. 288 pp. 80 lUiistrations. Price 10s. 6d. 
net. (Post free, lis. home ; lis. 2d. abroad.) 

J>ICTIONARY OF CHEMICALS AND RAW 
PRODUCTS USED IN THE MANUFACTURE 
OF PAINTS, COLOURS, VARNISHES AND 
ALLIED PREPARATIONS. By George H. Hurst, 
F.C.S. Demy 8vo. 370 pp. Second Revised Edition. Price 
10s. 6d. net. (Post free, Us. home ; lis. 2d. abroad.) 

THE MANUFACTURE OF LAKE PIGMENTS 
FROM ARTIFICIAL COLOURS. By Francis H. 
Jennison, F.I.C, F.C.S. Sixteen Coloured Platee, ehowingr 
Speolmene of Elffhty-nlne Coloure, epeoialiy prepared from 
the Reoipea given in the Book. 136 pp. Demy 8vo. Price 
7s. 6d. net. (Post free, 8s. home ; 8s. 2d. abroad.) 

THE MANUFACTURE OF MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manu- 
facture of all Artificial, Artists and Painters* Colours, Enamel, 
Soot and Metallic Pigments. A text-book for Manufacturers, 
Merchants, Artists and Painter^- By Dr. Jobep Bbrsch. 
Translated by A. C. Wright, M.A. (Oxon.), B.Sc. (Lond.). Forty- 
three Illustrations. 476 pp. Demy 8vo. Price 12s. 6d. net. 
(Post free, 13s. home ; 13s. 6d. abroad.) 

RECIPES FOR THE COLOUR, PAINT, VARNISH, 
OIL, SOAP AND DRYSALTERY TRADES. 

Compiled by An Analytical Chemist. 330 pp. Second Revised 
and Enlarged Edition. Demy 8vo. Price 10s. 6d. net. (Post 
free, lis. home ; lis. 2d. abroad.) 

OIL COLOURS AND PRINTERS' INKS. By Louis 
Edgar Andes. Translated from the German. 215 pp. Crown 
8vo. 56 Illustrations. Price 5s. net. (Post free, 5s. 4d. home 
and abroad.) 
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MODERN PRINTING INKS. A Practical Handbook 
for Printing Ink Manufacturers and Printers. By Alfred Sby- 
MOUR. Demy 8vo. Six Illustrations. 90 pages. Price 5s. net. 
(Post free, 5s. 4d. home and abroad.) 



THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Painters and Decorators. By 
A. Dbsaint, Artistic Interior Decorator of Paris. The book con- 
tains 100 folio Plates, measuring 12 in. by 7 in., each Plate con- 
taining specimens- of three artistic shades. These shades are all 
numbered, and their composition and particulars for mixing are 
fully given at the beginning of the book. Bach Plate is inter- 
leaved with grease-proof paper, and the volume is very artistic- 
ally bpund in art' and linen with the Shield of the Painters' Guild 
impressed on the cover in gold and silver. Price 21s. net. (Post 
free, 21s. 7d. home ; 22s. 2d. abroad.) 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 
8vo. Price 3s. 6d. net. (Post free, 3s. lOd. home and abroad.) 



A HISTORY OP DECORATIVE. ART. By W. Norman 
Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price 
Is. net. (Post free. Is. 4d. home and abroad.) 

WORKSHOP WRINKLES for Decorators, Painters, 
Paperhangers, and Others. By W. N. Brown. Crown 8vo. 
128 pp. Second Edition. Price 2s. 6d. net. (Post free, 2s. lOd. 
home and abroad.) 

CASEIN. By Robert Scherer. Translated from the 
German by Chas. Salter. Demy 8vo. Illustrated. Second 
Revised English Edition. 160 pp. Price 7s. 6d. net. (Post free, 
8s. home and abroad.) 

SIMPLE METHODS FOR TESTING PAINTERS' 
MATERIALS. By A. C. Wright, M.A. (Oxon.), 
B.Sc. (Lond.). Crown 8vo. 160 pp. Price 5s. net. (Post free, 
5s. 4d. home and abroad.) 

IRON-CORROSION, ANTI-FOULING AND ANTI. 
CORROSIVE PAINTS. Translated from the German 
of Louis Edgar And^ss. Sixty-two Illustrations. 275 pp. 
Demy 8vo. Price 10s. 6d« net. (Post free, lis. home and 
abroad.) 

For contents of these bookSf see List I. 
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THE TESTING AND VALUATION OP RAW 
MATERIALS USED IN PAINT AND COLOUR 
MANUFACTURE. By M. W. Jones, F.C.S. A 
Book for the Laboratories of Colour Works. 88 pp. Crown 8vo. 
Price 5s. net. (Post free, 5s. 4d. home and abroad.) 

THE MANUFACTURE AND COMPARATIVE 
MERITS OF WHITE LEAD AND ZINC WHITE 
PAINTS. By G. Petit, Civil Engineer, etc. Trans- 
lated from the French. Crown 8vo. 100 pp. Price 4s. net. 
(Post free, 4s. 4d. home and abroad.) 

PREPARATION AND USES OF WHITE ZINC 
PAINTS. Translated from the French of P. Fleury. 
Crown 8vo. 280 pages. Price 6s. net. (Post free, 6s. 5d. home ; 
6s. 6d. abroad.) 



(Varnishes and Drying Oils.) 

THE MANUFACTURE OF VARNISHES AND 
KIl^DRED INDUSTRIES. By J. Gbddbs McIntosh. 
Second, greatly enlarged, English Edition, in three Volumes, 
based on and including the work of Ach. Liva(?he. 

Volume I.— OIL CRUSHING, REPINING AND 
BOILING, THE MANUFACTURE OF LINO- 
LEUM, PRINTING AND LITHOGRAPHIC 
INKS, AND INDIA-RUBBER SUBSTITUTES. 

Demy 8vo. [Revised Edition in preparation. 

Volume II.— VARNISH MATERIALS AND OIL- 
VARNISH MAKING. Demy 8vo. 70 Illustrations. 
220 pp. Price IDs. 6d. net. (Post free, lis. home and abroad.) 

Volume III.— SPIRIT VARNISHES AND SPIRIT 
VARNISH MATERIALS. Demy 8vo. Illustrated. 
464 pp. Pribe 12s. 6d. net. (Post free, 13s. home ; 138. 2d. 
abroad.) 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. B. And^s. Bxpressly 
Written for this Series of Special Technical Books, and the 
Publishers hold the Copyright for English and Foreign Editions. 
Second Revised Edition. Forty-three Illustrations. 352 pp. 
Demy 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 138. 6d. 
abroad.) 

{Analysis of Resins, see page 9.) 
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(Oils, Fats, Waxes, Greases, Petroleum.) 

LUBBICATING OILS, FATS AND GREASES: 
Their Origin, Preparation, Properties, Uses and Analyses. A 
Handbook for Oil Manufacturers, Refiners and Merchants, and 
the Oil and Fat Industry in General. By George H. Hurst, 
P.C.S. Third Revised and Enlarged Edition. Seventy-four 
Illustrations. 384 pp. Demy 8vo. Price lOs. 6d. net. (Post 
free, lis. home ; lis. 2d. abroad.) 

MINERAL WAXES: Their Preparation and Uses. By 
Rudolf Gregorius. Translated from the German. Crown Svo. 
250 pp. 82 Illustrations. Price 6s. net. (Post free, 6s. 5d. 
home ; 6s. 6d. abroad.) 

THE PRACTICAL COMPOUNDING OF OILS, 
TALLOW AND GREASE FOR LUBRICA- 
TION, ETC. By An Expert Oil Refiner. Second 
Edition. Demy Svo. 100 pp. Price 7s. 6d. net. (Post frec^ 
78. lOd. home ; 8s. abroad.) 

THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 

Richard Brunner. Translated from the Sixth German Edition. 
Second English Edition. Crown Svo. 188 pp. 10 Illustrations.. 
Price 7s. 6d. net. (Post free, 8s. home and abroad.) 

THE OIL MERCHANTS' MANUAL AND OIL 
TRADE READY RECKONER. Compiled by 
Frank P. Sherriff. Second Edition Revised and Enlarged. 
Demy Svo. 214 pp. With Two Sheets of Tables. Price 78. 6d. 
net. (Post free, 8s. home ; Ss. 2d. abroad.) 

ANIMAL FATS AND OILS: Their Practical Pro- 
duction, Purification and Uses for a great Variety of Purposes. 
Their Properties, Falsification and Examination. Translated 
from the German of Louis Edgar And^is. Sixty-two Illustrations. 
240 pp. Second Edition, Revised and Enlarged. Demy 8vo» 
Price lOs. 6d. net. (Post free, Us. home and abroad.) 

VEGETABLE FATS AND OILS : Their Practical 
Preparation, Purification and Employment for Various Purposes, 
their Properties, Adulteration and Examination. Translated 
from the German of Louis Edgar And^s. Ninety-four Illus- 
trations.. 340 pp. Demy Svo. Third Revised Edition. Price 
12s. 6d. net. (Post free, 13s. home ; 13s. 2d. abroad.) 

EPIBLE FATS AND OILS : Their Composition, Manu- 
facture and Analysis. By W. H. Simmons, B.Sc. (Lond.), and 
C. A. Mitchell, B.A. (Oxon.). Demy Svo. 150 pp. Price 
7s. 6d. net. (Post free, 78. lOd. home and abroad.) 

For contents of these books^ see List ./. 
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(Glycerine.) 

GLYCERINE: Its Production, Uses, and Examination. 
By S. W. KOPPB. Translated from the Second German Edition. 
2dO pp. 7 Illustrations. Crown 8vo. Price 7s. 6d. net. (Post 
free, 8s. home and abroad.) 



(Essential Oils and Perfumes.) 

THE CHEMISTRY OF ESSENTIAL OILS AND 
ARTIFICIAL PERFUMES. By Brnbst J. Parry, 
B.Sc. (Lond.), F.I.C., F.C.S. Second Edition, Revised and 
Enlarged. 552 pp. 20 Illustrations. Demy 8vo. Price 128. 6d. 
net. (Post free, 13s. Id. home ; 13s. 8d. abroad.) 



(Soap Manufacture.) 

SOAPS. A Practical Manual of the Manufacture of 
Domestic, Toilet and other Soaps. By George H. Hurst, F.C.S. 
2nd edition. 390 pp. 66 Illustrations. Demy 8vo. Price 12s. 6d. 
net. (Post free, 13s. home ; 13s. 2d. abroad.) 

TEXTILE SOAPS AND OILS. Handbook on the 
Preparation, Properties and Analysis of the Soaps and Oils used 
in Textile Manufacturing, Dyeing and Printing. By George 
H. Hurst, F.C.S. Second Edition, Revised and partly re- 
written by W. H. Simmons, B.Sc. (Lond.). Demy 8vo. 200 pp. 
11 Illustrations. Price 7s. 6d. net. (Post free, 8s. home and 
abroad.) 

THE HANDBOOK OF SOAP MANUFACTURE. 

By Wm. H. Simmons, B.Sc. (Lond.), F.C.S., and H. A. Applbton. 
Demy 8vo. 160 pp. 27 Illustrations. Price 8s. 6d. net. (Post 
free, 9s. home and abroad.) 



(Cosmetical Preparations.) 

COSMETICS: MANUFACTURE, EMPLOYMENT 
AND TESTING OF ALL COSMETIC 
MATERIALS AND COSMETIC SPECIALITIES. 

Translated from the German of Dr. Theodor Koller. Crown 
8vo. 262 pp. Price 5s. net. (Post free, 5s. 5d. home; 5s. 6d. 
abroad.) 
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(Glue, Bone Products and Manures.) 

GLUE AND GLUE TESTING. By S'amubl Ridbal, 
D.Sc. (Lond.). Second Edition, Revised and Enlarged. Demy 
8vo. 196 pp. 14 Illustrations. Price 10s. 6d. net. (Post free, 
lis. home and abroad.) 

BONE PRODUCTS AND MANUBES : An Account 
of the most recent Improvements in the Manufacture of Pat, 
Glue, Animal Charcoal, Size, Gelatine and Manures. By Thomas 
Lambert, Technical and Consulting Chemist. Second Revised 
Edition. Demy 8vo. 172 pages. 17 Illustrations. Price 7s. 6d. 
net. (Post free, 8s. home and abroad.) 

(See also Chemical Manures^ p, 9.) 

(Chemicals, Waste Products, etc.) 

REISSUE OP CHEMICAL ESSAYS OF C. W. 
SCHEELE. First Published in English in 1786. 
Translated from the Academy of Sciences at Stockholm, with 
Additions. 300 pp. Demy 8vo. Price 5s. net. (Post free, Ss. 6d. 
home and abroad.) 

THE MANUFACTURE OF ALUM AND THE SUL- 
PHATES AND OTHER SALTS OF ALUMINA 
AND IRON. Their Uses and Applications as Mordants 
in Dyeing and Calico Printing, and their other Applications in 
the Arts, Manufactures, Sanitary Engineering, Agriculture and 
Horticulture. Translated from the French of Lucien Gbsch- 
wiND. 193 Illustrations. 400 pp. Royal 8vo. Price .12s. 6d. 
net. (Post free, 13s. home ; 13s. 2d. abroad.) 

AMMONIA AND ITS COMPOUNDS : Their Manu- 
facture and Uses. By Camille Vincent, Professor at the 
Central School of Arts and Manufactures, Paris. Translated 
from the French by M. J. Salter. Royal 8vo. 114 pp. Thirty- 
two Illustrations. Price 5s. net. (Post free, 5s. 5d. home ; 
5s. 8d. abroad.) 

CHEMICAL WORKS: Their Design, Erection, and 
Equipment. By S. S. Dyson and S. S. Clarkson. Royal 8vo. 
220 pp. With 9 Folding Plates and ^0 Illustrations. Price 21s. 
net. (Post free, 21s. 6d. home; 21s. lOd. abroad.) 

MANUAL OF CHEMICAL ANALYSIS, as applied to 
the Assay of Fuels, Ores, Metals, Alloys, Salts and other Mineral 
Products. By B. Prost, D.Sc. Translated by J. Cruickshank 
Smith, B.Sc. Royal 8vo. 300 pages. 44 Illustrations. Price 
12s. 6d. net. (Post free, 13s. home ; 13s. 4d. abroad.) 

TESTING OF CHEMICAL REAGENTS FOR 
PURITY. Translated from the German of Dr. C. 
Krauch. Royal 8vo. 350 pages. Price 12s. 6d. net. (Post free, 
13s. home ; 13s. 4d. abroad.) 

For contents of these hooks^ see List I, 
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SHALS.OILS AND TARS and their Products. By 
Dr. W. ScHEiTHAUBR. Translated from the German. Demv 8vo. 
190 pages. 70 Illustrations and 4 Diagrams. Price 88. 6a. net. 
(Post free, 9s. home and abroad.) 

THE BYPRODUCTS OF COAL-GAS MANUFAC 
TURE. By K. R. Lange. Translated from, the German. 
Crown Svo. 164 pages. 13 Illustrations. Price 5s. net. (Post 
free, 5s. 4d. home and abroad.) 

INDUSTRIAL ALCOHOL. A Practical Manual on the 
Production and Use of Alcohol for Industrial Purposes and for 
Use as a Heating Agent, as an Illuminant and as a Source of 
Motive Power. By J. G. McIntosh. Demy Svo. 1907. 250 pp. 
With 75 Illustrations and 25 Tables. Price 7s. 6d. net. (Post 
free, 8s. home and abroad.) 

THE UTILISATION OF WASTE PRODUCTS. A 

Treatise on the Rational Utilisation, Recovery and Treatment of 
Waste Products of all kinds. By Dr. Theodor Koller. Trans- 
lated from the Second Revised German Edition. Second English 
Revised Edition. Demy Svo. 336 pp. 22 Illustrations. Price 
7s. 6d. net. (Post free, Ss. home ; Ss. 2d. abroad.) 

ANALYSIS OF RESINS AND BALSAMS. Trans- 
lated from the German of Dr. Karl Dibtbrich. Demy Svo. 340 
pp. Price 7s. 6d. net. (Post free, Ss. home and abroad.) 

DISTILLATION OF RESINS, RESINATE LAKES 
AND PIGMENTS, CARBON PIGMENTS AND 
PIGMENTS FOR TYPEWRITING MACHINES, 
MANIFOLDERS, ETC. By Victor Schwbizbr. 
Demy Svo. 220 pp. 6S Illustrations. Price 10s. 6d. net. (Post 
free, lis. home; lis. 2d. abroad.) 

DISINFECTION AND DISINFECTANTS. By M. 

Christian. Translated from the German. Crown Svo. 112 
pages. IS Illustrations. Price 5s. net. (Post free, 5s. 4d. home 
and abroad.) 

(Agricultural Chemistry and Manures.) 

MANUAL OF AGRICULTURAL CHEMISTRY. By 

Herbert Inolb, P.I.C, Late Lecturer on Agricultural Chemistry, 
the .Leeds University; Lecturer in the Victoria University. 
Third and Revised Edition. 400 pp. 16 Illustrations. Demy 
Svo. Price 7s. 6d. net. (Post free, Ss. home ; Ss. 2d. abroad.) 

CHEMICAL MANURES. Translated from the French 
of J. Pritsch. Demy Svo. Illustrated. 340 pp. Price lOs. 6d. 
net. (Post free, lis. home; lis. 2d. abroad.) 

[See also Bom Products and Manurts, p. S.) 
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(Writing inks and Sealing Waxes.) 

INK MANUFACTURE: Including Writing, Copying, 
Lithographic, Marking, Stamping and Laundry Inks. By 
SiOMUND Lehnbr. Translated from the German of the Piftjn 
Edition. Second Revised and Enlarged English Edition. 
Crown 8vo. 180 pages. Three Illustrations. Price5s.net. (Post 
free, 5s. 4dt home and abroad.) 

SEALING . WAXES, WAFERS AND OTHER 
ADHESIVES FOR THE HOUSEHOLD, OFFICE, 
WORKSHOP AND FACTORY. By H. C. Standage. 
Crown Svo. 96 pp. Price 5s. net. (Post free, 5s. 5d. home and 
abroad.) 

(Lead Ores and Lead Compounds.) 

LEAD AND ITS COMPOUNDS. By Thos. Lambert, 
Technical and Consulting Chemist. Demy Svo. 226 pp. Forty 
Illustrations. Price 7s. 6d. net. (Post free, 8s. home and abroad.) 

NOTES ON LEAD ORES : Their Distribution and Pro- 
perties. By Jas. Pairib, F.G.S. Crown Svo. 64 pages. Price 
Is. net. . (Post free. Is. 4d. home and abroad.) 

(Whitt Lead and Zinc White Paints ^ see p, 5.) 

(Industrial Hygiene.) 

THE RISKS AND DANGERS TO HEALTH OF 
VARIOUS OCCUPATIONS AND THEIR PRE- 
VENTION. By Leonard A. Parry, M.D., B.Sc. 
(Lond.). 196 pp. Demy Svo. Price 7s. 6d. net. (Post free, 
7s. lOd. home and abroad.) 

(Industrial Uses of Air, Steam and 
Water.) 

DRYING BY MEANS OF AIR AND STEAM. Ex- 
planations, Formulas, and Tables for Use in Practice. Trans- 
lated from the German of E. Hausbrand. Second Revised 
English Edition. Two folding Diagrams, Thirteen Tables, and 
Two Illustrations. Crown Svo. 76 pp. Price 5d. net. (Post 
free, 5s. 4d. home and abroad.) • 

(See also " Evaporating, Condensing and Cooling Apparatus,^'' p. IS.) 

PURE AIR, OZONE AND WATER. A Practical 
Treatise of their Utilisation and Value in Oil, Grease, Soap, Paint, 
Glue and other Industries. By W. B. Cowbll. Twelve Illus- 
trations. Crown Svo. S5 pp. Price 5s. net. (Post free, 5s. 5d. 
home; 58. 6d. abroad.) 

For contents of these books, see List III, 
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THE INDUSTRIAL USES OF WATER. COMPOSI- 
TION— EFFECTS— TROUBLES — REMEDIES — 
RESIDUARY WATERS— PURIFICATION— AN- 
ALYSIS. By H. DE LA Coux. Royal 8vo. Trans- 
lated from the French and Revised by Arthur Morris. S64 pp. 
135 Illustrations. Price 10s. 6d. net. (Post free, lis. home; 
lis. 6d. abroad.) 

(See Books on Engineering and Metallurgy, p, 18.) 

(X Rays.) 

PRACTICAL X RAY WORK. By Frank T. Addyman, 
B.Sc. (Lond.), P.I.C., Member of the Roentgen Society of London ; 
Radiographer to St. George*s Hospital ; Demonstrator of Physics 
and Chemistry, and Teacher of Radiography in St. George's 
Hospital Medical School. Demy 8vo. Twelve Plates from 
Photographs of X Ray Work. Fifty-two Illustrations. 20Q pp. 
Price 10s. 6d. net. (Post free, lis. home; lis 2d. abroad.) 

(India-Rubber and Qutta Percha.) 

INDIA-RUBBER AND GUTTA PERCHA. Second 
English Edition, Revised and Enlarged. Based on the French 
work of T. Sbbliomann, G. Lamy Torrilhon and H. Falconnbt 
by John Gbddbs McIntosh. Royal 8vo. 100 Illustrations. 400 
pages. Price 12s. 6d. net. (Post free, 13s. Id. home; ISs. 8d. 
abroad.) 

(Leather Trades.) 

THE LEATHER WORKER'S MANUAL. Being a 
Compendium of Practical Recipes and Working Formulae for 
Curriers, Bootmakers, Leather Dressers, Blacking Manufac- 
turers, Saddlers, Fancy Leather Workers. By H. C. Standaob. 
Demy 8vo. 165 pp. Price 7s. 6d. net. (Post free, 8s. home 
and abroad.) 
{See also Manufacture of Shoe Polishes , Leather Dressings, etc, p. 6.) 

(Pottery, Bricks, Tiles, Glass, etc.) 

MODERN BRICKMAKING. By Alfred B. Sbarle, 
Royal 8vo. 440 pages. 260 Illustrations. Price 12s. 6d. net. 
(Post free, 13s. IcL home; 13s. 7d. abroad.) 

THE MANUAL OF PRACTICAL POTTING. Com- 
piled by Experts, and Edited by Chas. F. Binns. Fourth Edition, 
Kevised and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net. 
(Post free, 18s. home ; 18s. 2d. abroad.) 

POTTERY DECORATING. A Description of all the Pro- 

' cesses for Decorating Pottery and Porcelain. B^ R. Hainbach. 

Translated from the German. Crown 8vo. 2m) pp. Twenty. 

two Illustrations. Price 7s. 6d. net. (Post free, Ss. home; 

8s. 2d. abroad.) 
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A TBEATISE ON CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile, and Brick Manufacturers. Bv 
Bmile Bourry. a Revised Translation from the French, with 
some Critical litotes by Alfred B. Searle. Demy 8vo. 908 
Illustrations. 460 pp. Price 12s. 6d. net. (Post free, 13s. home; 
13s. 6d. abroad.) 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, 
Enamelled Terra-cottas, Ordinary and Incrusted Quarries, Stone- 
ware Mosaics, Faiences and Architectural Stoneware. By I. eon 
LspfivRB. Translated from the French by K. H. Bird, M.A., 
and W. Moore Binns. With Five Plates. 950 Illustrations in 
the Text, and numerous estimates. 500 pp. Royal Svo. Price 
15s. net. (Post free, 15s. 7d. home; 16s. 4d. abroad.) 

THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howorth. Second 
Edition. Paper Cover. Pricels.net. (By post, home or abroad, 
Is. 2d.) 

NOTEg ON POTTERY CLAYS. The Distribution, 
Properties, Uses and Analyses of Ball Clays, China Clays and 
China Stone. By Jas. Fairie, F.G.S. 132 pp. Crown Svo. 
Price 3s. 6d. net. (Post free, 4s. home and abroad.) 

HOW TO ANALYSE CLAY. By H. M. Ashby. Demy 
Svo. 72 pp. 20 Illustrations. Price 3s. 6d. net. (Post free, 
Ss. lOd. home and abroad.) 

A Reissue of 

THE HISTORY OF THE STAFFORDSHIRE POT- 
TERIES; AND THE RISE AND PROGRESS 
OF THE MANUFACTURE OF POTTERY AND 
PORCELAIN. With References to Genuine Specimens, 
and Notices of Eminent Potters. By Simeon Shaw. (Originally 
published in 1829.) 265 pp. Demy Svo. Price 5s. net. (Post 
free, 58. 6d. home ; 5s. lOd. abroad.) 

A Reissue of 

THE CHEMISTRY OF THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
. CELAXN, GLASS AND POTTERY. By Simeon 
Shaw. (Originally published in 1837.) 750 pp. Royal Svo. 
Price 10s. net. (Post free, 10s. 7d. home; lis. 6d. abroad.) 

BRITISH POTTERY MARKS. By G. Woolliscroft 
Rhead. Demy Svo. 310 pp. With over Twelve-hundred Illus- 
trations of Marks. Price 7s. 6d. net. (Post free, 8s. hoiftc ; 
8s. 4d. abroad.) 

For contents of these books, see List III. 
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(Glassware, Glass Staining and Painting.) 

RECIPES FOR FLINT GLASS MAKING. By a 

British Glass Master and Mixer. Sixty Recipes. Being Leaves 
;*> • from the Mixing Book of several experts in the Flint Glass Trade, 
containing up-to-date recipes and valuable information as to 
Crystal, Demi-crystal and Coloured Glass in its many varieties. 
It contains the recipes for cheap metal suited to pressing, blow- 
ing, etc., as well as the most costly crystal and ruby. Second 
Edition. Crown 8vo. Price 10s. 6d. net. (Post free, 10s. lOd, 
home and abroad.) 

A TREATISE ON THE ART OF GLASS PAINT- 

ING. Prefaced with a Review of Ancient Glass. By 
Ernest R. Suppling. With One Coloured Plate and Thirty- 
seven Illustrations. Demy 8vo. 140 pp. Price 78. 6d. net. 
(Post free, Ss. home and abroad.) 

(Paper Making and Testing.) 

THE PAPER MILL CHEMIST. By Henry P. Stevens, 
M.A., Ph.D., F.I.C. Royal 12mo. 60 Illustrations. 300 pp. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

THE TREATMENT OF PAPER FOR SPECIAL 
PURPOSES. By L. B. And^s. Translated from the 
German. Crown 8vo. 48 Illustrations. 250 pp. Price 6s. net. 
(Post free, 6s. 5d. home ; 68. 6d. abroad.) • 

(Enamelling on Metal.) 

ENAMELS AND ENAMELLING. For Enamel 
Makers, Workers in Gold and Silver, and Manufacturers of 
Objects of Art. By Paul Randau. Second and Revised 
Edition. Translated from the German. With 16 Illustrations. 
Demy Svo. 200 pp. Price 10s. 6d. net. (Post free, lis. home; 
lis. 2d. abroad.) 

THE ART OF ENAMELLING ON METAL. By 
W. Norman Brown. Second Edition, Revised. Crown Svo. 
60 pp. Price Ss. 6d. net. (Post free, 3s. lOd. home and abroad.) 

(Textile Subjects.) 

THE FINISHING OF TEXTILE FABRICS (Woollen, 
Worsted, Union, and other Cloths). By Roberts Beaumont, 
M.Sc., M.I.Mech.B. With 150 Illustrations of Fibres, Yarns 
and Fabrics, also Sectional and other Drawings of Finishing 
Machinery. Demy Svo. 260 pp. Price 10s. 6d. net. (Post free, 
lis. home; lis. 2d. abroad.) 

STANDARD CLOTHS: Structure and Manufacture 
(General, Military and Naval). By Roberts Beaumont, M.Sc, 
M.I.Mech.B. 342 pp. Numerous Illustrations. 16 Plates in 
Monochrome and Colour. Demy Svo. Price 12s. 6d. net. (Post 
free, 13s. home ; 13s. 4d. abroad.) 
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RBBSS USED IN TEXTILE AND ALUED IN- 
DUSTBIES. By C. Ainsworth Mitchell, B.A. 
(Oxon.), P.I.Cm and R. M. Prideaux, P.I.C. With 66 Illustra- 
tions specially drawn direct from the Fibres. Demy 8vo. 
200 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 2d. abroad.) 

DRESSINGS AND FINISHINGS FOR TEXTILE 
FABRICS AND THEIR APPLICATION. De- 

scription of all the Materials used in Dressing Textiles : Their 
Special Properties, the preparation of Dressings and their em- 
ployment in Finishing Linen, Cotton, Woollen and Silk Fabrics. 
Fireproof and Waterproof Dressings, tc^ether with the principal 
machinery employed. Translated from the Third German 
Edition of Friedrich Polleyn. Demy 8vo. 280 pp. Sixty 
Illustrations. Price 7s. 6d. net. (Post tree, 8s. home ; 8s. 2d. 
abroad.) 

POWER.LOOM WEAVING AND YARN NUMBER- 
ING, According to Various Systems, with Conversion 
Tables. Translated from the German of Anthon Grunbr. With 
Twenty-8ix Diaflrains in Colours. 150 pp. Crown 8vo. Price 
7s. 6d. net. (Post free, 7s. lid. home ; 8s. abroad.) 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) By 
Julius Zipser. Translated from German by Charles Salter. 
302 Illustrations. 500 pp. Demy 8vo. Price 10s. 6d. net. 
(Post free, lis. Id. home ; lis. 8d. abroad.) 

GRAMMAR OF TEXTILE DESIGN. By H. Nisbbt, 
Weaving and Designing Master, Bolton Municipal Technical 
School. Demy 8vo. 2§0 pp. 490 Illustrations and Diagrams. 
Price 6s. net. (Post free, 6s. 5d. home ; 6s. 8d. abroad.) 

ART NEEDLEWORK AND DESIGN. POINT 
LACE. A Manual of Applied Art for Secondary Schools 
and Continuation Classes. By M. E. Wilkinson. Oblong 
quarto. With 22 Plates. Bound in Art Linen. Price 3s. 6d. 
net. (Post free, 4$. home and abroad.) 

HOME LACE-MAKING. A Handbook for Teachers and 
Pupils. By M. B. W. Milroy. Second Revised Edition. With 
3 Plates and 16 Diagrams. Price 2s. 6d. net. (Post free, 2s. lOd. 
home and abroad.) 

CHURCH LACE. By M. E. W. Milroy. [in preparaHon. 

THE CHEMISTRY OF HAT MANUFACTURING. 

Lectures delivered before the Hat Manufacturers' Association. 
By Watson Smith, F.C.S., F.I.C. Revised and Edited by 
Albert Shonk. Crown 8vo. 132 pp. 16 Illustrations. Price 
7s. 6d. net. (Post free, 7s. lid. home ; 8s. abroad.) 

For coniints of tk$s$ bookst seg List II, 
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THE TECHNICAL TESTING OF YARNS AND 
TEXTILE FABRICS. With Reference to Official 
Specifications. Translated from the German of Dr. J. Hbrzpbld. 
Second Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. 
Price 10s. 6d. net. (Post firee, lis. home; lis. 2d. abroad.) 

DECORATIVE AND FANCY TEXTILE FABRICS. 

By R. T. Lord. For Manufacturers and Designers of Carpets, 
Damask, Dress and all Textile Fabrics. 200 pp. Demy 8vo. 
132 Designs and Illustrations. Price 7s. 6d. net. (Post free, 
88. home ; 8s. 2d. abroad.) 

THEORY AND PRACTICE OF DAMASK WEAV- 
ING. By H. KiNZER and K. Walter. Royal 8vo. 
Eighteen Folding Plates. Six Illustrations. Translated from 
the German. 110 pp. Price Ss. 6d. net. (Post free, 98. home ; 
9s. 2d. abroad.) • 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By 

Nicolas Reiser. Translated from the Second German Edition. 
Crown 8vo. Sixty-three Illustrations. 170 pp. Price 5s. net. 
(Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

SPINNING AND WEAVING CALCULATIONS, 

especially relating to Woollens. From the German of N. 
Rbisbr. Thirty-four Illustrations. Tables. 160 pp. Demy 
8vo. 1904. Price 10s. 6d. net. (Post free, lis. home; lis. 2d. 
abroad.) 

WORSTED SPINNERS' PRACTICAL HANDBOOK. 

By H. Turner. 148 pp. 54 Drawings. Crown 8vo. Price 68. 
net. (Post free, 6s. 5d. home ; 6s. 6d. abroad.) 

ANALYSIS OF WOVEN FABRICS. By A. P. Barker, 

M.Sc., and E. Midgley. Demy 8vo. 316 pp. Numerous Tables, 
Examples and 82 Illustrations. Price 7s. 6d. net. (Post free, 
8s. home ; 8s. 4d. abroad.) 

WATERPROOFING OF FABRICS. By Dr. S. Mier- 
ziNSKi. Second Edition, Revised and Enlarged. Crown 8vo. 
140 pp. 29 Illus. Price 5s. net. (Post free, 5s. 5d. home; 
5s. 6d. abroad.) 

HOW TO MAKE A WOOLLEN MILL PAY. By 

John Mackib. Crown 8vo. 76 pp. Price 3s. 6d. net. (Post 
free, 38. lOd. home and abroad.) 

YARN. AND WARP SIZING IN ALL ITS 
BRANCHES. Translated from the German of Carl 
Krbtschmar. Royal 8vo. 123 Illustrations. 150 pp. Price 
lOs. 6d. net. (Post free, Us. home; lis. 4d. abroad.) 
{For " Ttxtilt Soaps and Oils ** set p, 7.) 
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(Dyeing:, Colour Printing:, Matching: 
and Dye-stuffs.) 

THE COLOUR PRINTING OF CARPET YARNS. 

Manual for Colour Chemists and Textile Printers. By David 
Patbrson, P.C.S. Seventeen Illustrations. 136 pp. Demy 
8vo. Price 7$. 6d. net. (Post free, 8s. home and abroad.) 

TEXTILE COLOUR MIXING. By David Patbrson, 
F.R.S.E., F.C.S. Formerly published under title of " Science of 
Colour Mixing ". Second Revised Edition. Demy 8vo. 140 pp. 
41 Illustrations, with 5. Coloured Plates and 4 Plates showing 
Dyed Specimens. Price 78. 6d. net. (Post free, 8s. home; 
8s. 2d. abroad.) 

DYERS' MATERIALS : An Introduction to the Examina- 
tion, Evaluation and Application of the most important Sub- 
stances used in Dyeing, Pnnting, Bleaching and Finishing. By 
Paul Hbbrman, Ph*D. Translated from the German by A. C;. 
Wright, M.A. (Oxon)., B.Sc. (Lond.). Twenty-four Illustrations. 
Crown 8vo. 150 pp. Price 5s. net. (Post free, 5s. 5d. home ; 
5s. 6d. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual 
intended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Patbrson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens Of 
Dyed Fabrioe. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post 
free, 8s. home and abroad.) 

COLOUR : A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurst. With Eleven 
Coloured Plates and Seventy-two Illustrations. Second Edition. 
Demy 8vo. 168 pp. Price 78. 6d. net. (Post free, 8s. home ; 
8s. 2d. abroad.) 

Reissue of 

THE ART OF DYEING WOOL, SILK AND 
COTTON. Translated from the French of M. Hellot, 
M. Macqubr and M. lb Pileur D^Apliony. First Published in 
English in 1789. Six Plates. Demy 8vo. 446 pp. Price Ss. net. 
(Post free, 5s. 6d. h ome ; 6s. 4d. abroad.) 

THE CHEMISTRY OF DYE-STUFFS. By Dr. Georg 
Von Georoievics. Translated from the Second German Edition. 
412 pp. Demy 8vo. Price 10s. 6d. net. (Post free, lis. home; 
lis. 4d. abroad.) 

THE DYEING OF COTTON FABRICS : A Practical 
Handbook for the Dyer and Student. By Franklin Beech, 
Practical Colourist and Chemist. 272 pp. Second Revised 
Edition. Price 10s. 6d. net. (Post free, lis. home; lis. 2d. 
abroad.) 

THE DYEING OF WOOLLEN FABRICS. By 
Franklin Beech, Practical Colourist and Chemist. Thirty- 
three Illustrations. Demy 8vo. 228 pp. Price 78. 6d. net. 
(Post free, 8s. home ; 8s. 2d. abroad.) 

For conttnts of thae books, set List II, 
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(Silk Manufacture.) 

SILK THROWING AND WASTE SILK SPIN- 
NING. By HoLLiNS Rayner. Demy 8vo. 170 pp. 
117 Illustrations. [Revised Edition in preparation. 

(Bleaching and Bleaching Agents.) 

A PRACTICAL TREATISE ON THE BLEACHING 
OF LINEN AND COTTON YARN AND FABRICS. 

By L. Tailper, Chemical and Mechanical Engineer. Trans- 
lated from the French by John Gbddes McIntosh. Demy 8vo. 
. Second Revised Edition. 370 pp. Price 153. net. (Post free, 
15s. 6d. home; 16s. abroad.) 

JffODERN BLEACHING AGENTS AND DETER. 
GENTS. By Professor Max Bottler. Translated 
from the German. Crown Svo. 16 Illustrations. 160 pages. 
Price 5s. net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

(Cotton Spinning, Cotton Waste and 
Cotton Combing.) 

<JOTTON SPINNING (First Year). By Thomas 
Thornlby, Spinning; Master, Bolton Technical School. 160 pp. 
84 Illustrations. Crown Svo. Second Impression. Price 3s. 
net. (Post free, 3s. 5d. home; Ss. 6d. abroad.) 

dOTTON SPINNING (Intermediate, or Second Year). 
ByT.THORNLBY. Third Edition, Revised and Enlarged. 320 pp. 
114 Drawings. Crown Svo. Price 7s. 6d. net. (Post free, 8s. 
home ; 8s. 2d. abroad.) 

<JOTTON SPINNING (Honours, or Third Year). By 
T. Thornley. 216 pp 74 Illustrations. Crown Svo. Second 
Edition. Price 5s. net. (Post free, 5s. 5d. home; 5s. 6d. abroad.) 

<JOTTON COMBING MACHINES. By Thos. Thorn- 
ley, Spinning Master, Technical School, Bolton. Demy 8vo. 
117 Illustrations. 300 pp. Price 7s. 6d. net. (Post free, Ss. 
home ; Ss. 4d. abroad.) 

<JOTTON WASTE : Its Production, Characteristics, 
Regulation, Opening, Carding, Spinning and Weaving. By Thomas 
Thornley. Demy Svo. 2S6 pages. 60 Illustrations. Price 7s. 6d. 
net (Post free, 8s. home ; Ss. 4d. abroad.) 

THE RING SPINNING FRAME: GUIDE FOR 
OVERLOOKERS AND STUDENTS. By N. Booth. 
Crown Svo. 76 pages. Price 3s. net. (Post free, 3s. 4d. home 
and abroad.) 

(Flax, Hemp and Jute Spinning.) 

MODERN FLAX, HEMP AND JUTE SPINNING 
AND TWISTING. A Practical Handbook for the use 
of Flax, Hemp and Jute Spinners, Thread, Twine and Rope 
Makers. By Herbert R. Carter. Demy Svo. 1907. With 92 
Illustrations. 200 pp. Price 7s. Bd. net. (Post free, 7s. lid. 
home ; Ss. 2d. abroad.) 
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(Collieries and Mines.) 

RECOVERY WORK AFTER tiT FIRES. By Robert- 
Lamprbcht, Mining Engineer and Manager. Translated fromi 
the German. Illustrated by Six targe Plates, containing Seventy- 
Six Illustrations. 175 pp. Demy 8vo. Price 10s. 6d. net. (Post 
free. lis. home; lis. 2d. abroad.) 

VENTILATION IN MINES. By Robert Wabner^ 
Mining Engineer. Translated from the. German. Royal 8vo. 
Thirty Plates And Twenty-two Illustrations. 240 pp. Price 
lOs. 6d. net. (Post free, Us. home ; lis. 6d. abroad.) 

THE ELECTRICAL EQUIPMENT OF COLLIERIES. 
By W. Galloway Duncan and David Penman. Demy 8vo». 
310 pp. 155 Illustrations and Diagrams. Price lOs. 6d. net. 
(Post free, lis. home; lis. 4d. abroad.) 

(Dental Metallurgy.) 

DENTAL METALLURGY: MANUAL FOR STU^ 
DENTS AND DENTISTS. By A. B. Griffiths^ 
Ph.D. Demy 8vo. Thirty-six Illustrations. 200 pp. Price: 
7s. 6d. net. (Post free, 8s. home ; 8s. 2d. abroad.) 

(Engineering and Metallurgy.) 

THE PREVENTION OF SMOKE. Combined with 
the Economical Combustion of Fuel. By W. C. Popplewbll^ 
M.Sc, A.M. Inst., C.E., Consulting Engineer. Forty-six Illus- 
trations. 190 pp. Demy 8vo. Price 7s. 6d. net. (Post free^ 
8s. home ; 8s. 2d. abroad.) 

GAS AND COAL DUST FIRING. A Critical Review 
of the Various Appliances Patented in Germany for this purpose- 
since 1885. By Albert PCtsch. 130 pp. Demy 8vo. Trans- 
lated from the German. With 103 Illustrations. Price 5s. net.. 
(Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

THE HARDENING AND TEMPERING OF STEEL. 
IN THEORY AND PRACTICE. By Fridolin 
Reiser. Translated from the German of the Third Edition. 
Crown 8vo. 120 pp. Price 5s. net. (Post free, 5s. 4d. home andii 
abroad.) 

SIDEROLOGY: THE SCIENCE OF IRON (The 
Constitution of Iron Alloys and Slags). Translated from. 
German of Hanns Freiherr v. JUptner. 350 pp. Demy Svo. 
Eleven Plates and Ten Illustrations. Price 10s. 6d. net. (Post: 
free, lis. home; lis. 4d. abroad.) 

EVAPORATING, CONDENSING AND COOLING 
APPARATUS. Explanations, Formulae and Tables^ 
for Use in Practice. By E. Hausbrand, Engineer. Translated 
by A. C. Wright, M.A. (Oxon.), B.Sc. (Lond.). With Twenty- 
one Illustrations and Seventy-six Tables. Second English Edition* 
Revised. With Conversion Diagrams for Converting from Metric, 
to British Units. 400 pp. Demy Svo. Pricel2s.6d.net. (Post 
free, 13s. home; Ids. 6d. abroad.) 

For contents of these books, see Lists II and III, 
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(The Broadway Series of Engineering , 
Handbooks.) 

Uniform in Size : Narrow Crown 8vo. (Pocket Size.) 
Volume I.— ELEMENTARY PRINCIPLES OP RE- 
INFORCED CONCRETE CONSTRUCTION. By 

• EwART S. Andrews, B.Sc. Eng. (Lond.). 200 pages. With 57 
Illustrations. Numerous Tables and Worked Examples. Price 
3s. net. (Post free, 3s. 5d. home ; 3s. 6d. abroad.) 

Volume II.— GAS AND OIL ENGINES. By A. 
KiRSCHKB. Translated and Revised from the German, and 
adapted to British practice. 160 pages. 55 Illustrations. 
Price 3s. net. (Post free, 3s. 5d. home ; 3s. 6d. abroad.) 

Volume III. — IRON AND STEEL CONSTRUC- 
TIONAL WORK. By K. Schindler. Translated 
and Revised from the German, and adapted to British practice. 
140 pages. 115 Illustrations. Price 3s. 6d. net. (Post free, 
3s. lid. home ; 4s. abroad.) 

Volume IV.— TOOTHED GEARING. By G. T. White, 
B.Sc. (Lond.). 220 pages. 136 Illustrations. Price 3s. 6d. net. 
(Post free, Ss. lid. home ; 4s. abroad.) 

Volume V.— STEAM TURBINES : Their Theory and 
Construction. By H. Wilda. Translated from the German ; 
Revised and adapted to British practice. 200 pages. 104 Illustra- 
tions. Price Ss. 6d. net. (Post free, Ss. lid. home ; 4s. abroad.) 

Volume VI.— CRANES AND HOISTS. Their Construc- 
tion and Calculation. By H. Wilda. Translated from the German ; 
revised and adapted to British practice. 168 pages. 399 Illustra- 
tions. Price 3s. 6d. net. (Post free, 3s. lid. home; 4s. abroad.) 

Volume VII —FOUNDRY MACHINERY. By E. 
Treiber. Translated from the German ; revised and adapted to 
British practice. 148 pages. 51 Illustrations. Price 3s. 6d. net. 
(Post free, Ss. lid. home ; 4s. abroad.) 

Volume VIII.— MOTOR CAR MECHANISM. By 
W. E. DoMMETT, Wh.Ex., A.M.I.A.E. 200 pages. 102 Illustra- 
tions. Price 3s. 6d. net. (Post free, 3s. lid. home; 4s. abroad.) 

Volume IX.— ELEMENTARY PRINCIPLES OP 
ILLUMINATION AND ARTIFICIAL LIGHTING. 
By A. Blok, B.Sc- 240 pages. 124 Illustrations and Diagrams 
and 1 Folding Plate. Price 3s. 6d. net. (Post free, 3s. lid. 
home ; 4s. abroad.) 

Volume X.— HYDRAULIC S. By E. H. Sprague, 
A.M.I.C.E. 190 pages. With Worked Examples and 89 Illustra- 
tions. Price 3s. 6d. net. (Post free, 3s. lid. home ; 4s. abroad.) 

Volume XI. — ELEMENTARY PRINCIPLES OF 
SURVEYING. By M. T. M. Ormsby, M.I.C.E.I. 
244 pages. With Worked Examples and 135 Illustrations and 
Diagrams, including 4 Folding Plates. Price 4s. net. (Post free» 
4s. 5d. home; 4s. 6d. abroad.) 

Volume XII.— THE SCIENCE OF WORKS MANAGE- 
MENT. By John Batey. 232 pages. Price 4s. net. 
(Post free, 4s. 5d. home ; 4s. 6d. abroad.) 
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Volume XIII.— THE CALCULUS FOR ENGINEERS. 

By EwART S. Andrews, B.Sc.Bng. (Lx)nd.), and H. Bryon 
Heywood, D.Sc. (Paris), B.Sc. (Lond.). 284 pages. 102 Illustra- 
tions. With Tables and Worked Examples. Price 4s. net. (Post 
free, 4s. 5d. home ; 4s. 6d. abroad.) 

Volume XIV. — LATHES : Their Construction and 
Operation. By G. W. Burley, A.M.I.M.E., Wh.Ex. 244 pages^ 
200 Illustrations. Price 3s. 6d. net. (Post free, 3s. lid. home; 
4s. abroad.) 

Volume XV. —STEAM BOILERS AND COMBUS- 
TION. By John Batey. 220 pages. 18 Diagrams. 
Price 4s. net. (Post free, 4s. Sd.* home ; 4s. 6d. abroad.) 

Volume XVI.— REINFORCED CONCRETE IN PRAC- 
TICE. By A. Alban H. Scott, M.S.A., M.C.I. 190 pp. 
130 Illustrations and Diagrams and 2 Folding Plates. Price 4s. 
net. (Post free, 4s. 5d. home ; 4s. 6d. abroad.) 

Volume XVII. — STABILITY OP MASONRY. By 
E. H. Sprague, A.M.I.C.E. 180 pp. 92 Illustrations. 3 Folding 
Plates and Worked Examples. Price 4s. net. (Post free, 4s. 5d. 
home ; 4s. 6d. abroad.) 

Volume XVIII.— TESTING OP MACHINE TOOLS. 
By G. W. Burley, Wh.Ex., A.M.I.M.E. 240 pp. 110 Illustra- 
tions. Price 4s. net. (Post free, 4s. 5d. home ; 4s. 6d. abroad.) 

Volume XIX.— BRIDGE POUNDATIONS. By W. 
Burnside, M.I.C.E. 148 pp. 31 Diagrams. Price 4s. net. (Post 
free, 4s. 4d. home and abroad.) 

Volume XX.— THE STABILITY OP ARCHES. By 
E. H. Sprague, A.M.I.C.E. 150 pp. 58 Diagrams. 5 Folding 
Plates. Price 4s. net. (Post free, 4s. 5d. home ; 4s. 6d. abroad.) 

Volume XXI. — ELEMENTARY MATHEMATICS 
POR ENGINEERS. By E. H. Sprague, A.M.I.C.E. 
236 pp. 101 Diagrams. Price 4s. net. (Post free, 4s. 4d. home ; 
4s. 6d. abroad.) 

Volume XXI I. —THE DESIGN OP MACHINE ELE- 
MENTS. By W. G. Dunkley, B.Sc. Volume I. 
Forces and Stresses ; Shafting and Bearings ; Couplings ; Springs. 
210 pp. 123 Illustrations and 16 Tables. Price 4s. net. (Post 
free, 4s. 4d. home ; 4s. 6d. abroad.) 

Volume XXIII.— THE DESIGN OP MACHINE ELE- 
MENTS. By W. G. Dunkley, B.Sc. Volume II. 
Screws and Bolts ; Clutches ; Belts and Pulleys ; Gearing. 220 
pp. 122 Illustrations and 15 Tables. Price 4s. net. (Post free, 
4s. 4d. home ; 4s. 6d. abroad.) 

Volume XXIV.~THE CALCULATIONS POR STEEL- 
PRAME STRUCTURES. By W. C. Cocking, M.C.I., 
M.J. Inst. E. 312 pp. With 78 Illustrations and 6 Folding Plates, 
numerous Worked Examples, and a Complete Series of Calcula- 
tions for a Steel- Frame Warehouse. Price 5s. net. (Post free, 
5s. 5d. home ; Ss. 6d. abroad.) 

For contents of these hooks^ see List III, 
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Volume XXV.— THE DRIVING OP MACHINE 
TOOLS. By Thos. R. Shaw, A.M.I.Mech.E. 225 pp. 
129 Illustrations and 37 Tables. Price 4s. net. (Post free, 4s. 4d. 
home; 4s. 6d. abroad.) 

[IN PREPARATION.] 

ELEMENTS OF GRAPHIC STATICS. By B. H. Spraoub, A.M.LC.B. 
STRENGTH OF STRUCTURAL ELEMENTS. By E. H. Spraoub, A.M.I.C.E. 
GEAR CUTTING. By O. W. Burlby, Wh.Ex., A.M.I M.B. 

MOVING LOADS BT INFLUENCE LINES AND OTHER METHODS. By E. H. 

Sprague, a M.I.C.E. 

DRAWING OFFICE PRACTICE. By W. Clegg. 

ESTIMATING STEELWORK FOR BUILDINGS. By B. P. F. Glbed and S. 
Bylander, M C.I. 

THE THEORY OF THE CENTRIFUGAL AND TURBO PUMP. By J. Wells 
Cameron. 

STRENGTH OF SHIPS. By James Bertram Thomas 

MACHINE SHOP PRACTICE. By O. W. Burley, Wh.Ex.. A.M.I.M.E. 

IRON AND STEEL. By J. S. Glen Primrose 

ELECTRIC TRACTION. By H. M. Saybrs. 

PRECISION GRINDING MACHINES. ByT R. Shaw. 

(Sanitary Plumbing, Metal Work, etc.) 

EXTERNAL PLUMBING WORK. A Treatise on 
Lead Work for Roofs. By John W. Hart, R.P.C. 180 Illustra- 
tions. 272 pp. Demy 8vo. Second Edition Revised. Price 
7s. 6d. net. (Post free, 8s. home ; 8s. 2d. abroad.) 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By John W. Hart, R.P.C. 184 Illus- 
trations. 313 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
8s. home ; 8s. 4d. abroad.) 

SANITARY PLUMBING AND DRAINAGE. By 

John W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 
1904. Price 7s. 6d. net. (Post free, 8s. home ; 88. 2d. abroad.) 

THE PRINCIPLES OF HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 177 pp. Demy 
8vo. Price 7s. 6d. net. (Post free, 88. home ; 8s. 2d. abroad.) 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZ- 
ING BRASS WARE. By W. Norman Brown. 
Revised and Enlarged Edition. Crown 8vo. 48 pp. Price 
38. net. (Post free, Ss. 4d. home and abroad.) 

A HANDBOOK ON JAPANNING. For Ironware, 
Tinware, and Wood, etc. By William Norman Brown. 
Second Edition. Crown 8vo. 70 pages. 13 Illustrations. Price 
38. 6d. net. (Post free, Ss. lOd. home and abroad.) 
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SHEET METAL WOBKIN6. By F. Gborgi. siod 
A. SCHUBEBT. Translated from the Germaui. Demy Svo. lOO 
pages. 125 Drawinir^ and Illustrations. 2 Folduig Platjes. 
Price 7s. 6d. net. (Post finee, 8s. home and abroad.) 

(Electric Wiring, etc.) 

THE DEVELOPMENT OF THE INCANDESCENfr 
ELECTRIC LAMP. By G. Basil Barhah, A.M.I.B.E. 
Demy 8vo. 200 pages. 2 Plates. 25 lUustratioas and 10 TaUes. 
Price 5s. net. (Post free, 5s. 5d. home ; 5s. 8d. abroad.) 

WIRING CALCULATIONS FOR ELECTRIC 
LIGHT AND POWER INSTALLATIONS. By 
G. W. LuHMis Paterson. Crown 8to. 96 pages. 35 Tables. 
Price 5s. net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

ELECTEUC WIRING AND FITTING. By Sydney F. 
Walker, R.N.. M.I.E.E., M.I.Min.E., A.M.Inst.C.E., etc., etc. 
Crown 8vo 150 pp. With Illustrations and Tables. Price 5s. 
net. (Post free, 5s. Sd. home ; 5s. 6d. abroad.) 

(Agriculture, etc.) 

INSECTICIDES, FUNGICIDES AND WEEO- 
KITJiERS. By E. Bourcart, D.Sc. Translated from 
the French. Demy 8vo. 450 pages, S3 TaUes, and 12 Illustra- 
tions. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 4d. abroad.) 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN 
ARTICLE OF COMMERCE. By Emmanuel Gross. 

Translated from the German. 78 lilus. 340 pp. Demy 8vo. Price 
lOs. 6d. net. (Post free. lis. home ; lis. 4d. abroad.) 
{Far Agricultural Chemistry^ see p. 9.) 

(Wood Products, Timber and Wood Waste.) 

WOOD PRODUCTS: DISTILLATES AND EX- 

TRACTS. By P. Duhesny and J. Noyer. Translated 
from the French by Donald Grant. Royal 8vo. 320 pp. 103 
Illustrations and Numerous Tables. Price 10s. 6d. net. (Post 
free, Us. Id. home; lis. 8d. abroad.) 

TIMBER : A (Comprehensive Study of Wood in all its 
Aspects (Commercial and Botanical). Translated from the 
French of Paul Charpbntier. Royal 8vo. 437 pp. 178 Illus- 
trations. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d. 
abroad.) 

THE UTILISATION OP WOOD WASTE. Trans- 
lated from the German of E. Hubbard. Second Revised English 
Edition. Crown 8vo. 208 pp. 50 Iltus. Price 5s. net. (Post 
free, 5s. 5d. home ; 5s. 6d. abroad.) 

(See also UHlisation of Waste Products, p. 9.) 

For contents of these booksn see List III, 
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(Building and Architecture.) 

ORNAMENTAL CEMENT WORK. By Ouvbr 
Wheatlby. Demy 8vo. 83 Illustrations. 128 pp. Price 58. 
net. (Post free, 5s< 5d. home ; 5s. 6d. abroad.) 

THE PREVENTION OF DAMPNESS IN BUILD. 
INGS; with Remarks on the Causes, Nature and 
Effects of Saline, Efflorescences and Dry-rot. By Adolf 
WiLHELM Keim. I'ranslated from the German. Eight Coloured 
Plates and Thirteen Illustrations. Crown 8vo. 115 pp. Price 
5s. net. (Post free, 5s. 4d. home and abroad.) 

HANDBOOK OF TECHNICAL TERMS USED IN 
ARCHITECTURE AND BUILDING, AND THEIR 
ALLIED TRADES AND SUBJECTS. By Augus- 
tine C. Passmore. Demy 8vo. 380 pp. Price 7s. 6d. net. 
(Post free, 8s. home ; 8s. 4d. abroad.) 

(Foods, Drugs and Sweetmeats.) 

POOD AND DRUGS. By E. J. Parry, B.Sc, FJ.C, F.C.S. 
Volunne I. The Analysis of Pood and Drugs (Chemical and 

Microscopical). Royal 8vo. 724 pp. Price 21s. net. (Post 

free, 21s. 7d. home ; 22s. 6d. British Colonies; 23s. 3d. other 

Foreign Countries.) 
Volume II. The Sale of Food and Drugs Acts, 1875-1907. 

Royal 8vo. 184 pp. Price 7s. 6d. net. (Post free, 8s. home ; 

8s. 4d. abroad.) 
THE MANUFACTURE OF PRESERVED FOODS 
AND SWEETMEATS. By A. Hausner. With 
Twenty-eight Illustrations. Translated from the German of the 
third enlarged Edition. Second English Edition. Crqwn8vo. 225 
pp. Price 7s. 6d. net. (Post free, 7s. 1 Id. home ; 8s. abroad.) 
BECIPES FOR THE PRESERVING OF FRUIT, 
VEGETABLES AND MEAT. By B. Wagner. 
Translated from the German. Crown 8vo. 125 pp. With 14 Illus- 
trations. Price 5s. net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

(Dyeing Fancy Goods.) 

THE ART OF DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY 
AND WOOD, AND OF IMITATING ALL SORTS 
OF WOOD. A Practical Handbook for the Use of 

Joiners, Turners, Manufacturers of Fancy Goods, Stick and 
Umbrella Makers, Comb Makers, etc. Translated from the 
German of D. H. Soxhlet, Technical Chemist. Crown 8vo. 
168 pp. Price 5s. net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

(Celluloid.) 

CELLULOID : Its Raw Material, Manufacture, Properties 
and Uses. By Dr. Fr. B5ckmann, Technical Chemist. Trans- 
lated from the Third Revised German Edition. Crown 8vo. 
120 pp. With 49 Illustrations. Price 58. net. (Post free, 
-59. 5d. home; 5s. 6d. abroad.) 
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(Lithography, Printing and 
Engraving.) 

ART OP LITHOGRAPHY. By H. J. Rhodes. Demy 
8vo. 344 pages. 120 Illustrations. 2 Folding Plates. Copious, 
combined Index and Glossary. Price 10s. 6d. net. (Post free^ 
lis. home ; lis. 4d. abroad.) 

PRINTERS' AND STATIONERS' READY 
RECKONER AND COMPENDIUM. Compiled by 
Victor Graham. Crown 8vo. 112 pp. 1904. Price3s.6d.net. 
(Post free, Ss. lid. home ; 4s. abroad.) 

ENGRAVING FOR ILLUSTRATION. HISTORI- 
CAL AND PRACTICAL NOTES. By J. Kirkbridb. 
72 pp. Two Plates and 6 Illustrations. Crown 8vo. Price 
2s. 6d. net. (Post free, 2s. lOd. home and abroad.) 
(For Printing Inks, see p, 4.) 

(Bookbinding.) 

PRACTICAL BOOKBINDING. By Paul Adam. 
Translated from tne German. Crown Svo. 180 pp. 127 Illus- 
trations. Price 5s. net. (Post frjse, 5s. 5d. home ; 5s. 6d. abroad.) 

(Sugar Refining.) 

THE TECHNOLOGY OP SUGAR : Practical Treatise 
on the Modern Methods of Manufacture of Sugar &om the Sugar 
Cane and Sugar Beet. By John Geddes McIntosh. Third Edi- 
tion, Revised and Enlarged. Demy 8vo. 540 pages. 244 Illustra- 
tions. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 
(See .^^ Evaporating y Condensing^ etc.^ Apparatus^''* p, i8.) 

(Emery.) 

EMERY AND THE EMERY INDUSTRY. Trans- 
lated from the German of A. Haenio. Crown Svo. 45 lUus. 
104 pp. Price 5s. net. (Post free, 5s. 5d. home ; 5s. 6d. abroad.) 

(Technical Schools.) 

HANDBOOK TO THE TECHNICAL AND ART 
SCHOOLS AND COLLEGES OF THE UNITED 
KINGDOM. Containing particulars of nearly 1,000 
Technical, Commercial and Art Schools throughout the United 
Kingdom. With full particulars of the courses of instruction, 
names of principals, secretaries, etc. DemySyo. 150 pp. Price 
3s. 6d. net. (Post free, 4s. home and abroad.) 

SCOTT, GREENWOOD & SON 

. (E. GREENWOOD), 
TECHNICAL BOOK AND TRADE JOURNAL PUBLISHERS, 

8 BROADWAY, LUDGATE, LONDON, E.G., 4. 

Telegraphic Address, " Printeries, Cent., London '*. Aprils 1917. 
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